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INTRODUCTION

The Institute for Water Resources (1WR) has been tasked by the Chief of Engineers to prepare
an Inland Waterway Review which is designed to provide a 10-year outlook at the priority
needs for planning, design, construction and operation of the Inland Waterways System. The
objective of the Review is to provide an update of the National Waterways Study on an annual,
or at least recurring, basis.

For numerous good reasons, Corps planning for waterway improvements is centered at the
district and division level. Nationwide waterways studies have been infrequent. The
predecessor of the 1982 National Waterways Study was the 1908 Inland Waterways Commission
Report. Performed infrequently, nationwide studies require massive effort. Equally important,
their findings go stale. The intent with the Waterway Review is to provide a lesser level of
detail, but to make the information more timely and useful.

The tasking to produce a Waterway Review was timely. As a result of the Water Resources
Development Act of 1986 (Pub. L.99-662) at least two crucial uses of the Review have been
identified. The Act differentiates fuel-taxed waterways from all other navigation projects for
application of study and construction cost-sharing. It also increased waterway fuel taxes and
created the Inland Waterways Users Board. In effect, the Act defined the waterways system,
and created a demand for its analysis as a system.

The increase in waterway fuel taxes increased the pressures to accelerate project implementation.
Among the Corps initiatives to do so, the Task Force to Streamline Project Implementation
identified a need to coordinate the waterways planning of the several divisions involved. It
identified the Waterway Review as a device to harmonize the assumptions and analyses of the
various divisions, so that their regional plans can be integrated and used as a system plan.

The other crucial use of the Review is to provide a decision tool for the Inland Waterways
Users Board. The Board's Congressional mandate is to recommend priorities for construction
and rehabilitation of improvements on the waterways system. The Board's recommendations are
based on the collective, independent judgements of its members. For that purpose they have
used a predecessor document called Status of the Inland Waterways, July 1987, and have
identified a continuing need for a reference such as the Review.

The need for project-specific feasibility studies is imbedded in legislation and the process for
authorizing and funding improvements. The purpose of the Review is not to replace or reduce
those planning efforts, but to supplement and make them more useful. The Review is a system
outlook or overview. It is not a system plan.



OVERVIEW

REVIEW FOCUS

The Plan of Study for the Inland Watt "' Review calls for systematic analysis of existing and
prospective:

o traffic levels
o system performance
o transportation savings
o investment needs, and
o financial resource availability for waterways investment

This Review addresses all of the above subjects to some extent. It does not provide equally
comprehensive treatment of every subject in order to focus on information or analyses for
which there is immediate need. The intent is to treat each subject in depth over time, in
subsequent editions of the Review.

REVIEW HIGHLIGHTS

One immediate need was consistency in the assumptions and analyses used in waterways
planning by the various Corps elements. Jurisdiction over the waterways in the fuel-taxed
system is distributed over eight Corps divisions. The Lower Mississippi Valley, Missouri River,
North Central, North Pacific, Ohio River, South Atlantic, and Southwestern divisions are
responsible for virtually all system planning, with a small portion of the Atlantic Intracoastal
Waterway extending into North Atlantic jurisdiction. Each of these divisions has a budget
strategy for meeting the improvement needs of the system. Their regional or waterway
subsystem plans vary greatly in level of detail and sophistication.

There is a need for greater uniformity in the regional plans if they are to be viewed collectively
to identify system needs and priorities. Particularly in estimates of traffic or demand and lock
capacity. Historically it has been most difficult to produce consistency in traffic projections,
where nationwide studies disaggregate national trends, and regional or project-specific studies
reflect local knowledge. This is the problem addressed in this review. The solution was to
abandon the use of a single target trend for each individual waterway based on the national
trend. Instead, the Review has established a high-low band for each waterway on a scientific
basis that allows for differential growth, and should produce rational results when regional
projections are combined or compared. This procedure is described more fully in Appendix A.

The integration of national and regional traffic projections is a significant achievement. It was
also very difficult, and made this Review less timely for its other immediate need -- an updated
reference for the Inland Waterways Users Board. Primarily the Board's members want the
Review for the latest trends and performance statistics, to verify their personal knowledge of
problems on the system and support the priorities they assign to waterway improvements. In
addition, they look to the Review for an early indication of capacity constraints, in order to
verify that the Corps planning program has studies underway that will produce timely
recommendations, so that the priority projects can be implemented in proper sequence.

Because the Users Board members are familiar with the waterways, they can interpret the
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summary data in Appendix A, and it alone is useful. This is supplemented by the information
shown in the Main Report's Chapters, some of which address specific needs or concerns of the
Board. Its members have used previous iterations of the analysis of Inland Waterways Trust
Fund revenues and outlays shown in Chapter 5 as a tool in assigning priorities to waterway
improvements. They recognize it would be desirable to use definitive studies as the basis for
their decision making -- also that some alternative is required to assess the adequacy of the
Corps planning process to produce the right projects at the right time. It has been suggested
that the Board explore use of performance indicators for that purpose. Chapter 3 is an initial
effort to manipulate PMS data to identify priorities and the benefits of potential improvements.
REVIEW CONTENTS

This Review consists of a Main Report and two appendices. The stated purposes of the
Review generally coincide with the five chapters in the Main Report, but not all purposes are
treated in separate chapters. The five chapters and the subjects covered are as follows:

1. Physical System. This chapter is a necessary preface to addressing the stated purposes of
the Review. It describes both the fixed plant (locks and waterways) and the vessel fleet.

2. Inland Waterway Traffic: Historic Trends and-Projections. This chapter provides a national
perspective of the composition and levels of waterway commerce. The integration with regional
studies is covered in Appendix A.

3. Pgrformance of Locks. This chapter uses Performance Monitoring System (PMS) data for a
preliminary analysis of system performance and transportation savings. An estimate of system
benefits is a purpose of the Review that will be addressed in the future.

4. Prgam_ Review. This chapter identifies waterway improvements under construction and
study, and provides a preliminary identification of improvement alternatives in lieu of a needs
assessment. A comprehensive assessment of needs is reserved to the future, and any interim
assessment will be a separate document.

5. Status of the Inland Waterways Trust Fund. This chapter provides an estimate of the
financial resources available from fuel taxes and interest earnings on the fund balances, to fund
the investment needed for improvements under construction or study.

Appendix A provides detailed descriptions of nine waterway segments, with traffic history and
projections and performance indicators. Appendix B describes the environmental impact studies
which have been completed or are now underway in the various waterway segments.

CHAPTER SUMMARIES

Summaries of the five Main Report chapters follow. In order to make this overview a useful
stand-along document, they include tables and figures that would otherwise be shown in the
respective chapters.

Chapter 1. Physical System. The Inland Waterways Revenue Act of 1978 (Pub. L.95-502) and
the Water Resources Development Act of 1986 (Pub. L.99-662) have been used to define the
inland waterways system for the purposes of the Review. The 1978 Act imposed waterway fuel
taxes on certain waterways that it explicitly described. The 1986 Act added one waterway to
that system and prescribed cost-sharing of studies that differentiated that system from all other
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Corps navigation projects. It also initiated use of the Inland Waterways Trust Fund created by
the 1978 Act, for projects that were within or associated with that system. This system of
waterway channels and locks is described in Chapter 1. It is summarized in Tables 1 and 2 at
the end of this overview.

Chapter 1 includes an analysis of the commercial fleet of towboats and barges that operate on
inland waterways, because it is the interaction of these vessels, the wharves ad other waterfront
facilities provided by non-Federal interests, and the waterway improvements built and
maintained by the Corps, that determine how effectively they operate as a transportation system.
It is noteworthy that the Inland Waterways Users Board has viewed the waterways as a
transportation system in responding to its mandate to set priorities for system improvements.
The interaction of vessel and lock operation is critical, particularly when queuing is involved.
Improved communications have a potential for reducing traffic peaks to improve the efficiency
of vessel and lock operation. The Corps has a fund of information on both, and the challenge
is to apply it to systematic analysis in future reviews.

Appendix A gives details on the lock and channel system for each of the system segments.

Chapter 2. Inland Waterway Traffic: Historic Trends and Proiections. The fuel-taxed inland
waterway system accounts for about 90 percent of the "internal" traffic shown in the Corps
Waterborne Commerce statistics. Internal traffic was a record 560.5 million short tons in 1986,
a 4.8 percent increase over 1985. That percentage increase approximates the 4.2 percent
average annual growth rate experienced in the period after World War II, up to 1979. Internal
traffic plateaued in 1978-1980, declined in 1981-1983, and then increased, declined, and
increased in 1984-1986. The average annual "growth" rate since 1978 has been about 0.6
percent. A number of factors were responsible for the traffic fluctuations in 1978-1986.
Chapter 2 identifies these factors with analyses of the major commodity categories within the
traffic total. The individual growth rates of major commodities are the basis for projections to
the year 2000 for internal traffic and traffic on the nine waterway system segments. Figures 1
and 2 at the end of this overview summarize the historic trends and projections.

Chapter 2 gives projections for all internal traffic that show the differential growth rates of
major commodity categories. The projections for the nine system segments are for total traffic
only (all commodities). All projections are presented as a high-low range, the integrating
device used to harmonize the national projections with segment-specific plans and studies. The
projections for total internal traffic center on an annual growth rate of 1.5 percent. Most
waterway segments have higher growth rates. The commodity projections include some
negative as well as positive growth rates. Farm products are expected to have the greatest
growth, centered on 3 percent per year. Crude petroleum would have the greatest decline, with
a negative annual "growth" centered on 2 percent. The internal and segment-specific projections
shown in Chapter 2 are in short tons. The combined total tons of the nine segments exceeds
the inland total to the extent that some traffic moves on more than one segment. It is
impractical to eliminate the double-counting when dealing with tons. Alternately, working with
ton-miles would automatically eliminate double-counting, but the data bases used for commodity
analysis and forecasting are not in that measure. It would be desirable to provide the Inland
Waterways Users Board with projections in (on-miles, and to use ton-miles in projecting
waterway fuel tax revenues. In general, growth of ton-miles parallels that of tons, but limited
studies indicate differential growth in the average length of haul for specific commodities. This
is another area for potential future study.
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Very few of the sources of projections relevant to the inland waterways conclude with
projections that are very far away from the overall mid-range. Grain traffic (primarily for
export) is now projected to increase at a moderate rate (2 - 3 percent per year). Coal traffic
for domestic power plants and for exports is projected to grow at about 2 percent per year.
Several domestic nuclear plants are scheduled to begin operation in the next few years, which
will suppress the growth rate in coal used for domestic utilities. However, one should not take
the relatively smooth course generated in tnese projections too literally. There will undoubtedly
be irregular movements up and down around the growth path. The current drought conditions
have dropped water levels on the Mississippi River and result in light loading, smaller tows,
delays from groundings and higher costs. The drought has resulted in sharply increased grain
prices, and reduced sales to export customers. The drought, although a severe one is just one
of the many regular perturbations which affect current and future waterways traffic. Projections
tend to smooth irregularities since it is very difficult to model and to predict all the possible
influences which affect waterway traffic. The principal thing to remember is that irregularities
in the growth pattern are normal, not exceptional.

Appendix A gives traffic projections for the waterways in each system segment, and explains
the procedures used to develop them.

Chapter 3. Performance of Locks. Traffic growth has little impact on the performance of
projects which are far below capacity. But as traffic levels approach capacity, economic costs
due to congestion-related delays increase exponentially. Chapter 3 has analyzed the relationship
between delay time and lock utilization rates, and between delay time and stall or downtime
frequency and duration. Based on the relationships for an "average" lock, a one percent
increase in annual utilization produces 109 hours of delay or on the order of $76,000 of tow
delay cost. Alternately, a one percent decrease as a result of less stall or downtime, produces
savings on the same order. The analysis also shows that the frequency of stall events
contributes more to delay time than does the duration of the stall. It is important to note that
the analyses used an "average" lock, and effectively there is no such lock. A small percentage
of the locks in the system produce most of the extreme values; most of the locks would be
"below average".

The use of Performance Monitoring System data to produce the analyses requires several
caveats. The chapter gives them with an explicit description of the performance indicators used
in PMS and this review. Table 3.1 in Chapter 3 provides a list of all locks on the system, and
shows key 1987 performance indicators where available. A ranking of locks based on these
key indicators is useful in identifying "problem" locks. A number of rankings were produced,
and they are shown in Tables 3 through 8. These tables are limited by page length to the top
40 projects in each ranking. Effectively, the "top 40" identifies all problem locks, and more-or-
less the same population of projects appears in all tables. Footnotes show the projects that are
the object of current improvement work or studies. Chapter 3 also includes a brief analysis of
recreational use of selected locks. It is offered to illustrate a problem identified in a 1977
study by the Rock Island District. Recreational craft are most active during the summer, also a
period of peak commercial tow traffic on the Upper Mississippi River. Recreational craft
activity also peaks during weekends. Both commercial tows and recreational craft cause delays
for each other when available lock capacity is highly utilized. Additional monitoring and study
of this problem is indicated, along with identification and evaluation of alteinatives.

Chapter 4. Program Review. It is customary to describe the Corps programs that improve
and keep the waterways system functioning in terms of funding. That description obscures the



complexity of the task. The people struggling to do so in the field and in headquarters are
real, albeit there are fewer each year. Their problems are diverse; because of the geographical
spread of the system, some may be coping with droughts, while others have floods. Budget
constraints are real. Since 1980, total expenditures on the inland waterways have been
effectively flat in current dollars, at about $700 million, and declined in terms of constant
dollars. The total masks disparate trends in operation and maintenance, and construction
however. O&M has increased consistently, while construction declined almost as consistently,
until it turned up in fiscal year 1988 as a result of P.L. 99-662 authorizations. Over the period,
construction and O&M have held or more than held, respectively, their share of all Corps civil
works funding. Construction began and ended the period at 26 percent, while O&M has
increased from 28 to 31 percent.

Operations and maintenance costs for waterways subject to the fuel tax have increased by
81 percent in current prices and about 8 percent in real terms during the ten year period ending
in 1986. During the same period, ton-mile traffic increased by 17 percent. The nominal cost
per ton-mile increased from 1.0 mill in FY77 to 1.5 mills in FY86 but when costs are adjusted
for inflation, there has been an 11 percent decrease in real costs per ton-mile. Major
rehabilitation work initiated during the same period totals $463.3 million. The majority of that
work has been completed, with $167.6 million of work underway but to be completed after
FY88. Some of that rehabilitation work has been funded as construction, and the balance as
O&M. There is now an ongoing effort by the Corps to revise major rehabilitation guidance.
As part of this effort, a review of the potential work that could be categorized as rehabilitation
for funding as construction has been performed. That review indicates that such potential work
approximates $125 to $250 million. The inland waterways construction funding which
declined to a low of $218 million in FY87, increased to $317 million in 1988, with allocations
of $478 million in FY89. The total estimated cost of the improvement projects represented in
construction funding is $12.7 billion. Seven billion of that total will require funding after
FY89. The total estimated cost of projects authorized to be funded 50 percent from the Inland
Waterways Trust fund is $2.976 billion, with $2.535 billion to be funded after FY89. The
amounts are in current dollars. Amounts for unscheduled future work do not include inflation.

A prerequisite to the definitive assessment of future waterway system needs is
comprehensive analysis using consistent assumptions as to traffic growth and system capacity.
The Review is one of the means being used to improve consistency and uniformity. The
planning program of the Ohio River Division is an example of comprehensive analysis of a
regional system. ORD has studies underway of eight lock replacements and four additional
locks. Their estimated construction cost (current dollars without inflation) is $2.295 billion.
These improvements, if found economically justified, combined with the rehabilitation work and
construction that is itemized in Chapter 4, will improve almost all of the "problem" locks
identified by screening PMS data. (See Tables 2-7.) The analysis of the Inland Waterways
Trust Fund indicates that the availability of funds will be a constraint on implementing all
potential improvement projects. Accordingly, Chapter 4 describes a variety of relatively low
cost improvements to increase capacity that were analyzed in the Upper Mississippi River
Master Plan.

Table 9 shows the capacity estimates, and the percent of capacity used in 1987 for 40 locks
that had high amounts of average delay and processing time, and total delay and stall time in
PMS rankings. Projects above average in each performance indicator were assigned consecutive
numbers representing their place in the queue, ltarting with the first project above average.
Their consolidated ranking was determined by the sum of their place numbers.
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Chapter 5 Status of the Inland Waterways Trust Fund, An analysis of the Inland Waterways
Trust Fund shows that funding will be a substantial constraint on implementing more than 4 to
6 major improvement projects per decade, depending on cost growth. There will likely be $200
to $300 million per year, or $2 to 3 billion per decade, of construction and rehabilitation that
can be funded, assuming a 50 percent share is drawn from the Trust Fund. The nine
construction projects currently scheduled will cost almost $3 billion fully funded. They are
scheduled to be completed by year 2001. The twelve projects under study in the Ohio River
Division are estimated to cost $4.7 billion fully funded to reflect cost inflation out to estimated
completion by 2009. This schedule cannot be funded by projected Trust Fund balances. The
analysis shows that completion would be delayed 14 years if cost sharing is continued at 50
percent, and outlays are limited to Trust Fund revenues. In brief, it is likely that fewer
construction projects can be started than can be economically justified.

The twelve projects under study in ORD have been used as a proxy for the additional
improvements that are to be determined by a definitive needs assessment. As the division and
system segment with the most locks, ORD studies address most of the system's problems. It is
assumed that additional projects will be identified by other divisions, but the need for economic
justification and screening for priorities on a system basis will produce a demand on the Trust
Fund that is approximately the amount used. Chapter 5 explains the assumptions used to
estimate tax revenues, interest earnings, inflation, and other variables. There are numerous
alternate scenarios that can be analyzed. Howevei. 'bsent a fundamental change that would
require Congressional action, such as change in fuel tax rate, Trust Fund cost share, or the need
for Fund solvency, the annual or decade funding levels cited above apply. Table 10 shows the
annual Trust Fund revenues, outlays, and balance for the scenario which extends construction
duration in order to maintain fund solvency.

REVIEW SUMMARY AND CONCLUSIONS

Traffic on the inland waterways has begun slow but irregular growth after the declines from
recession and decreased export shipments of coal and grain in early years of the 1980's.
Average annual traffic growth is now projected to be on the order of 1 to 3 percent over the
next decade at the national level, with somewhat higher growth rates on many of the fuel-taxed
waterways. The waterway industry has finally reached a point where its equipment and people
are achieving high utilization and improved returns on capital investment. The industry and the
Corps have gone through cutbacks and tighter resources with good results. Both the public and
private components of the waterway system are now leaner, meaner, and more cost effective.

Slower, but irregular, growth offers beneficial and adverse impacts on the decisions which
have to be made concerning investments in new projects and more modem fleets, and in the
resources devoted to operating and maintaining the navigation system (public and private).
Slower growth, in the aggregate, buys some time to reach complex decisions regarding capital
intensive investment; but erratic growth increases uncertainty in deciding the appropriate capital
intensity of preferred investment alternatives and in deciding when to commit capital intensive
outlays.

It is clear that the lock replacement projects now under construction will provide relief from
delays in the currently most severely impacted segments. There are many other projects where
the problem is expected to become significant in 10-20 years. These are the projects for which

7



alternatives, an economic analysis to determine feasibility, and/or analysis of optimal timing for
implementation need to be available in time to fashion an intelligent investment policy. This
report is a preliminary review of the needs, alternatives, and potential priorities. By necessity,
it does not include enough detail (since many studies have not been started) to become a
decision document for specific projects.

There is a need for regional waterway system plans to be brought up to a uniform level of
detail promptly, to verify project traffic growth rates, and provide a basis for systematic demand
-- capacity analysis.

There is a need to set priorities systematically. Priorities will inevitably be set in an
environment of budget constraints. The challenge is to find a process which allows all
reasonable claims for priority to be surfaced and a democratic discussion of the objectives
which ultimately define the weights to be given various claims.

The Users Board has already begun to fashion a procedure by which they would assign
priorities to studies, construction and operations/maintenance outlays. This procedure is based
on 5 categories of urgency (or priority) since priority means little except what goes first. The
User Board is emphasizing transportation benefits and high traffic density. Inevitably, tributary
projects which contribute significant traffic to segments with high traffic density, will command
additional priority. The priority must also be conditioned by the urgency of the problem(s)
being addressed by individual projects within the overall system. Finally, the overall benefit-
cost ratio and the composition of the benefits (transportation versus non transportation) should
play a very important role.

Systematic priorities cannot be achieved without a systemwide investment planning process.
The information developed at various stages of planning illuminate the choices and the
problems. An ongoing investment planning process is being implemented by the Corps, starting
with regional investment plans to be developed by the Corps divisions with inland navigation
responsibilities during FY89. The Inland Waterway Review 1989 will summarize the findings
and conclusions of the regional investment plans.
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TABLE 1

INLAND WATERWAY LOCK PROJECTS ON FUEL TAX SEGMENTS

SEGMENT NUMBER I - UPPER MISSISSIPPI

CHAMBER
LOCK NAME RIVER YEAR AGE AS ....
OR NUMBER MILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

I Upper St. Anthony Falls 853.9 1963 25 56 400 49
2 Lower St. Anthony Falls 853.3 1959 29 56 400 25
3 No. I Main Chamber 847.6 1930 58 56 40(1 38

" Auxiliary Chamber 847.6 1932 56 56 400 38
4 No. 2 MAin Chamber 815.0 1930 58 110 500 12

N Auxiliary Chember 815.0 1948 40 110 600 12
5 No. 3 769.9 1938 50 110 600 8
6 No. 4 752.8 1935 53 110 600 7
7 No. 5 738.1 1935 53 110 600 9
8 No. 5a 728.5 1936 52 110 600 5
9 No. 6 714.0 1936 52 110 600 6
10 No. 7 702.0 1937 51 110 600 8
11 No. 8 679.0 1937 51 110 600 11
12 No. 9 647.0 1938 50 110 600 9
13 No. 10 615.0 1936 52 110 600 8
14 No. 11 583.0 1937 51 110 600 11
15 No. 12 556.0 1938 50 110 600 9
16 No. 13 522.0 1938 50 110 600 11
17 No. 14 Main Chamber 493.9 1922 66 110 600 11
17 " Auxiliary Chamber 493.3 1939 49 80 320 11
18 No. 15 Main Chamber 482.9 1934 54 110 600 16
18 0 Auxiliary Chamber 482.9 1934 54 110 360 16
19 No. 16 457.2 1937 51 110 6W 9
20 No. 17 437.1 1Q39 ,.9 110 600 8
21 No. 18 410.5 1937 '51 110 600 10
22 No. 19 364.2 1957 31 110 1200 38
23 No. 20 343.2 1936 52 110 600 10
24 No. 21 324.9 1938 50 110 600 10
25 No. 22 301.2 1938 50 110 600 10
26 No. 24 273.4 1940 48 110 600 15
27 No. 25 241.4 1939 49 110 600 15
28 No. 26 Main Chamber 202.9 1938 50 110 600 24
28 A Auxiliary Chamber 202.9 1938 50 110 360 24
28 No. 26 Main (under const.) 200.8 1989 110 1200 24
28 " Aux. (under const.) 200.8 1992 -- 110 600 24

SEGMENT NUMBER 2 MIDDLE MISSISSIPPI

CHAMBER
LOCK NAME RIVER YEAR AGE AS -----------------------------
OR NUMBER MILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

1 LL 27 Main chamber 185.1 1953 35 110 1200 21
1 N Auxiliary Chamber 185.1 1953 35 110 600 21

2 Kaskaskia 0.8 1973 15 84 600 32

SEGMENT NUMBER 3 -- LOWER MISSISSIPPI

CHAMBER
LOCK NAME RIVER YEAR AGE AS .............................
OR NUMBER MILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

ARKANSAS RIVER
I Norrelt 10.3 1967 21 110 600 30
2 Lock 2 & Milts Dam 13.3 1967 21 110 600 20
3 LD 3 50.2 1968 20 110 600 20
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TABLE 1 - CONTINUED

INLAND WATERWAY LOCK PROJECTS ON FUEL TAX SECMENTS

SEGMENT NUMBER 3 -- LOWER MISSISSIPPI -- CON13NUED

CHAMBER

LOCK NAME RIVER YEAR AGE AS ---- C......AMBER............
OR NUMBER MILE OPENED OF 1988 WIDTH I.ENGTH LIFT

(feet) (teet) (feet)

4 L&D 4 66.0 1968 20 110 , 600 14
5 L&D 5 86.3 1968 20 110 6UO 17
6 David T. Terry 108.1 1968 20 110 600 18
7 Murray 125.4 1969 19 110 600 18
8 Toad Suck 155.9 1969 19 110 600 16
9 Ormond 176.9 1969 19 110 600 20
10 DardaneLte 205.5 1969 19 110 600 55
11 Ozark 256.8 1969 19 110 600 34
12 James W. Trimble 292.8 1969 19 110 600 20
13 W.D. Mayo 319.6 1970 18 110 600 21
14 Robert S. Kerr 336.2 1970 18 110 600 48
15 Webbers Farls 366.6 1970 18 110 600 30
16 Chouteau (Verd. R) 401.5 1970 18 110 600 21
17 Newt Graham (Verd. R) 421.6 1970 18 110 600 21

OUACHITA & BLACK RIVERS
18 Jonesville 25.0 1972 16 84 600 30
19 Columbia 117.2 1972 16 84 600 18
20 FeLsenthat 226.8 1984 4 84 600 18
21 Thatcher 281.7 1984 4 84 600 12

RED RIVER
22 L&D 1 43.0 1984 4 84 685 36
23 Overton 87.0 1987 1 84 685 24

L&D 3 (under construction) 141.0 Indef 84 685 31
ATCHAFALAYA (OLD) RIVER

24 Old River 304.0 1963 25 75 1200 35

SEGMENT NUMBER 4 - ILLINOIS WATERWAY

CHAMBER
LOCK NAME RIVER YEAR AGE AS -----------------------------
OR NUMBER MILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

1 LaGrange L&D 80.2 1939 49 110 600 10
2 Peoria L&D 157.7 1939 49 110 600 11
3 Starved Rock L&D 231.0 1933 55 110 600 19
4 Marseittes L&D 244.6 1933 55 110 600 24
5 Dresden Island L&D 271.5 1933 55 110 600 22
6 Brandon Road L&D 286.0 1933 55 110 600 34
7 Lockport Lock 291.1 1933 55 110 600 40
8 T.J. O'Brien Lock 326.5 1960 28 110 1000 5

SEGMENT NUMBER 5 -- OHIO RIVER SYSTEM

CHAMBER
LOCK NAME RIVER YEAR AGE AS -----------------------------
OR NUMBER MILE OPENED OF 1988 WIDTH J LENGTH LIFT

(feet) (feet) (feet)

OHIO RIVER

1 Emsworth 974.8 1921 67 110 600 18
I Second Chamber 1921 67 56 360 18

2 Dashietds 967.7 1929 59 110 600 10
" Second Chamber 1929 59 56 360 10

3 Montgomery 949.3 1936 52 110 600 18
Second Chamber 1936 52 56 360 18
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TABLE 1 -- CONTINUED

INLAND WATERWAY LOCK PROJECTS OP FUEL TAX SEGMENTS

SEGMENT NUMBER 5 -- OHIO RIVER SYSTEM -- CONTINUED

CHAMBER
LOCK NAME RIVER YEAR AGE AS -----------------------------
OR NUMBER MILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

4 New Cumberland 926.6 1959 29 110 1200 21
" Second Chamber 1959 29 110 600 21

5 Pike Island 896.7 1968 20 110 1200 21
o Second Chamber 1968 20 110 600 21

6 Hannibal 854.6 1972 16 110 1200 21
" Second Cha&Ter 1972 16 110 600 21

7 Willow Island 819.3 1972 16 110 1200 20
i Second Chamber 1972 16 110 600 20

8 Belleville 777.1 1968 20 110 1200 22
. Second Chamber 1968 20 110 600 22

9 Racine 743.5 1971 17 110 1200 22
o Second Chamber 1971 17 110 600 22

10 GaLtipotis 701.8 1937 51 110 600 23
. Second Chambter 1937 51 110 360 23

10 Gallipolis (under const.) 701.8 1991 -- 110 1200 23
it Second Chamber 1991 - 110 600 23

11 Greenup 640.0 1959 29 110 1200 30
" Second Chamber 1959 29 110 600 30

12 Metdaht 544.8 1962 26 110 1200 30
" Second Chamber 1962 26 110 600 30

13 MarkLand 449.5 1963 25 110 1200 35
of Second Chamber 1963 25 110 600 35

14 McAlpine First Chanter 374.2 1921 67 56 360 37
" Second Chamber 1930 58 110 600 37
of Third Chamber 1961 27 10 1200 37

15 Cannelton 260.3 1972 16 110 1200 25
" Second Chamber 1972 16 110 600 25

16 Newburgh 204.9 1975 13 110 1200 16
. Second Chamber 1975 13 110 600 16

17 Uniontown 135.0 1975 13 110 1200 18
" Second Chamber 1975 13 110 600 18

18 Smithtand 35.3 1980 8 110 1200 22
o Second Chamber 1980 8 110 1200 22

19 LD 52* 42.1 1969 19 110 1200 12
i Second Chamber 1928 60 110 600 12

19 LUD 53* 18.4 1980 8 110 1200 12
" Second Chamb-r 1929 59 110 600 12

19 Olmsted (Replaces 52 & 53) .... .. .. 110 1200 --

, Second Chamber .... ... 110 1200 -

MONONGAHELA RIVER
20 L&D 2 11.2 1951 37 110 720 9

" Second Chamber 1953 35 56 360 9
21 L&D 3 23.8 1907 61 56 720 8

" Second Cha er 1907 81 56 360 8
22 LD 4 41.5 1932 56 56 720 17

" Second Chamber 1932 56 56 360 17

23 Maxwell 61.2 1964 24 84 720 20
" Second Chamber 1964 24 84 720 20

24 Grays Landing (LU) 7) 85.0 1925 63 56 360 15
24 Grays Landing (under const.) 82.0 1993 -- 84 720 15

25 Point Marion (LU) 8) 90.8 1925 63 56 360 19

25 Point Marion (under const.) 90.8 .. .. 84 720 19

26 Morgantown 102.0 1950 38 84 600 17

27 Hildebrand 108.0 1959 29 84 600 21

28 Opekiska 115.4 1964 24 84 600 22

ALLEGE4Y RIVER
29 LD 2 6.7 1934 54 56 360 11

30 L&D 3 14.5 1934 54 56 360 14

31 LD 4 24.2 1927 61 56 360 11

32 LD 5 30.4 1927 61 56 360 12

33 LD 6 36.3 1928 60 56 36U 12
34 L&D 7 45.7 1930 58 56 360 13

35 L&D 8 52.6 1931 57 360 18

36 LD 9 62.2 1938 50 56 360 22

* lemporary chambers
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TABLE I - CONTIUED

INLAND WATERWAY LOCX PROJECTS ON FUEL TAX SEGMENTS

SEGMENT NlUMBER 5 "- OHIO RIVER SYSTEM .- CNCITIUED

CHANGIER
LOCK MAE RIVER YEAR AGE AS CH..........................
CA J.IER NILE OPENED OF 1988 WIDTH LENGTH LIFT

(fete) (feet) (feet)

KAXAWKA RIVER
37 Winfield 31.1 1937 51 56 360 28
37 0 Second Chai(er 1937 51 56 360 28

37 Winfield (under const.) 31.1 .... 110 800 28
38 Marmt 67.8 1934 54 56 360 24

" Second Chaffber 1934 54 56 360 24
39 London 82.8 193-4 54 56 360 24

" Second Chwier 1934 54 56 360 24
KENTUCKY RIVER

40 L&D1 4.0 1839 149 38 145 8
41 LD 2 31.0 1839 149 38 145 14
42 L03 42.0 1844 14 8 145 13
43 LD4 65.0 1844 14 38 145 13

GREEN & BARREN RIVERS
44 Le1 9.1 1956 32 84 600 12
45 LSD2 63.1 1956 32 84 600 14

CUB RLANO RIVER
46 larkley 30.6 1964 24 110 800 57
47 Cheatha 148.7 1964 24 110 800 25
48 Old Hickory 216.2 1954 4 84 400 60
49 Cordell Hutl 313.5 1973 15 4 400 59

TENNESSEE & CLINCH RIVERS
50 Kentucky 22.4 1944 44 110 600 56
51 Pickick 206.7 1937 51 110 600 55

" Second Chaeirr 1983 5 110 1000 55
52 Wilson 259.4 1927 61 60 300 94

" Second Chaurber 192? 61 60 292
Third Cha&ber 195 29 110 600 94

53 Wheeler 274.9 1963 25 110 600 48
' Second Chawber 1934 54 60 400 48

54 Guntersville 349.0 1965 23 110 600 39
a Second Chanffer 1937 51 60 360 39

55 Nlckajack 424.7 1967 21 110 600 39
56 Chickanmaug 471.0 1939 49 60 360 49
57 Watts Bar 529.9 1941 47 60 360 58
58 Ft. Loudon 602.3 1943 45 60 360 72

SEG1ENT NBER 6 -- GULF INTRACOASTAL WATERWAY

CHAMBER
LOCK NAME RIVER YEAR AGE AS .............................
OR NUMBER NILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

GULF INTRACOASTAL WATERWAY
I Inner Harhor 92.6 1923 65 75 640 17
2 Harvey Lock 98.2 1935 53 75 425 20
3 Algiers Lock 88.0 1956 32 75 760 18
4 3ayou Soouf Lock 93.3 1954 34 75 1156 11
5 Lelend 0*omn Lock 162.7 1985 3 110 1200 5
6 Calcasleu Lock 238.5 1950 38 75 1206 4
7 Brazos 2Iver E. Ftdgt 404.1 1954 34 75 ....

7 Brazos River W. Ftdgt 404.1 1954 34 75 ....

8 Color*do River E. Lock 444.8 1954 34 75 1200 5
a cotor~oo River W. Lock "4'.0 . 5 1OGIWW, MORGAN CITY TO PORT ALLEN ROUTE
9 Port Allen 227.6 1961 27 84 1202 45

10 Bayou Sorrel 131.0 1952 36 56 747 21
APALACHICOLA, CHATTAHOOCHEE, & FLINT RIVERS

11 Jim Woodruff 106.3 1954 34 82 450 33
12 George W. Andrews 154.3 1962 26 82 450 25
13 Walter F. George 182.8 1963 25 82 450 88

PEARL RIVER
14 Lock 1 28.7 1951 37 65 310 17
15 Lock 2 40.8 1951 37 65 310 15
16 Lock 3 14.0 1951 37 65 310 11
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TALE 1 -- CONTINJED

INLAND WATERWAY LOCK PROJECTS ON FUEL TAX SEGMENTS

SEGMENT NUIMBER 7 -- MOBILE RIVER ANO TRIBUTARIES

CHAMBER
LOCK NAME RIVER YEAR AGE AS .............................
Ol NUBER MILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

BLACK WARRIOR RIVER
1 John Holtis Iarnkhead 365.7 1975 13 110 600 68
2 Holt 347.0 1966 22 110 600 64
3 w,. acWon Oliver 338.1 1939 49 95 460 28
3 m RepLacement under cons . 337.6 1991 -- 110 600 28
4 Setden (Warrior) 261.7 1957 31 110 600 22

TCM4IGEE RIVER
S Dem:potis 213.2 1954 34 110 600 40
6 Coffeevitte 116.6 1960 28 110 600 34

ALABMA RIVER
7 Ctaiborne 81.2 1969 19 84 600 30
8 Hitters Ferry 142.3 1969 19 84 600 48
9 Robert F. Henry 245.4 1972 16 84 600 45

TENNESSEE- TOMBI GBEE WATERWAY
10 GainesviLle 49.1 1978 10 110 600 36
11 Aticevitle 89.8 1979 9 110 600 27
12 Colurmbus 117.6 1980 8 110 600 27
13 Aberdeen 140.0 1985 3 110 600 27
14 A 154.0 1985 3 110 600 30
15 a 159.3 1985 3 110 600 25
16 C 174.0 1985 3 110 600 25
17 0 181.0 1985 3 110 600 30
18 E 189.0 1985 3 110 600 30
19 Bay Springs 194.9 1985 3 110 600 84

SEGMENT NLMBER 8 -- ATLANTIC INTRACOASTAL WATERWAY

CHAM6ER
LOCK NAME RIVER YEAR AGE AS .................
OR NUMBER MILE OPENED OF 1988 WIDTH LENGTH LIFT

(feet) (feet) (feet)

ALBEMARLE & CHESAPEAKE CANAL ROUTE
I Great Bridge 11.5 1932 56 75 600 3

DISMAL SWAMP CANAL ROUTE
South Mitts 33.2 1941 47 52 300 12
3 eep Creek 10.6 1940 48 52 300 12

SEGMENT NUMBER 9 - COLUMIIA-SNAKE-WILLAMETTE

CHAMBER
LOCK NAME RIVER YEAR AGE AS .............................
OR NUMBER MILE OPENED OF 198 WIDTH LENGTH LIFT

(feet) (feet) (feet)--- -- I
COLUMBIA & SNAKE RIVERSI ormnv i It I e 146.0 1938i 50 76 5 oj 65

8o -evitte (urner const.) 146.0 1992 86 60 6D
2 The Dattes 190.0 1957 31 86 675 88
3 John Oay 215.0 1968 20 86 675 110
4 McNary 282.0 1953 35 86 675 75

5 Ice Harbor 9.7 1962 26 86 675 100
6 Lower Monunetat 41.6 1969 19 66 675 98

7 LittLe Goose 70.3 1970 18 86 675 98
8 Lower Granite 107.5 1975 13 86 675 100

WILLAMETTE RIVER
9 wittamette Fatls Locks 26.4 1873 115 40 210 (Schs)20
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TABLE 1 "" CONTINUED

INLAND WATERWAY LOCK PROJECTS ON FUEL TAX SEGMENTS

SUMMARY DATA

PROJECTS UNDER

SEGMENT LOCK LOCK CONSTRUCTION PROJECTS
NUISUR AND NAME PROJECTS CHAMIERS WITH FUEL UNOERGOING

TAX FUNDING P.1.3 0.

I- UPPER MISSISSIPPI 28 33 1 0

2 MIDDLE MISSISSIPPI 2 3 0 0

3 LOWER MISSISSIPPI 24 24 0 0

4 ILLINOIS WATERWAY 8 8 0 0

5 -OHIO RIVER SYSTEM 58 95 4 1

6 GULF INTRACOASTAL WATERWAY 16 18 0 0

7 MOBILE RIVER AND TRIBUTARIES 19 19 1 0

8 ATLANTIC INTRACOASTAL WATERWAY 3 3 0 0

9 COLU8IA"SNAKE-WILLAMETTE 9 13 1 0

T 0 T A L 167 216 7

P. E. & 0. x Preconstruction Engineering and Design

NAMES OF PROJECTS DENOTED IN LAST TWO COLUMNS OF SLNRY DATA

PROJECTS UNDER PROJECTS
SEGMENT CONSTRUCTION UNOERGOING

NUMBER AND NAME WITH FUEL P.E.9 D.
TAX FUNDING

1 UPPER MISSiSSIPPi L&d NO. 26 (No Projects)

5 OHIO RIVER SYSTEM GALLIPOLIS OLMSTED
GRAYS LANDING
POINT MARION
WINFIELD

7 MOBILE RIVER & TRIBUTARIES OLIVER (No Projects)

9 COLUMBIA-SNAKE-WILLAMETTE BONNEVILLE (No Projects)

Source: Arnmt Report IY86 of the Secretary of the Army on Civil Works Activities,
Votuv It, Appendix C: Navigation Locks and Oams Operaobte Septewber 30, 1986.
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TABLE 2
FUEL TAX WATERWAY SEGMENTS

LENGTHS

Segment/Waterway Length

(miles)

1. UPPER MISSISSIPPI

Mississippi, Mpls, MN to Mo. R. 663

2. MIDDLE MISSISSIPPI

Mississippi, Mo. R. to Ohio R. 195
Kaskaskia River 36
Missouri River, Sioux City to Mouth 735

3. LOWER MISSISSIPPI

Mississippi River, Ohio R. to Baton Rouge, LA. 720
McClellan-Kerr Arkansas River 448
White River to Newport, AR 2552

Ouachita - Black Rivers 351
Red River to Shreveport, LA 2362
Atchafalaya River and Old River 220

4. ILLINOIS WATERWAY 357

5. OHIO RIVER SYSTEM

Ohio River 981
Monongahela River 129
Allegheny River 72
Kanawha River 91
Kentucky River 822

Green River4  149
Cumberland River 387
Tennessee and Clinch Rivers 652

6. GULF INTRACOASTAL WATERWAY

GIWW: St. Marks, FL to N.O., LA 437
GIWW: N.O. to Brownsville, TX 690
GIWW: Morgan City-Port Allen 65
Apala.chicola, Chattahoochee and Flint 297
Pearl R 582

7. MOBILE RIVER AND TRIBUTARIES

Mobile, Black Warrior, and Tombigbee Rivers 453
Tennessee-Tombigbee 234
Alabama River 305
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TABLE 2 (Continued)
FUEL TAX WATERWAY SEGMENTS

LENGTHS

Segment/Waterway Length
(miles)

8. ATLANTIC INTRACOASTAL WATERWAY

AIWW: Norfolk-Jacksonville, FL (2 routes) 793
IWW: Jacksonville to Miami, FL 370

9. COLUMBIA-SNAKE WATERWAY

Columbia R.: The Dalles to Richland, WA 135'
Snake R. to Lewiston, ID 230
Willamette River to Corvallis, OR 1182

Total U.S. Fuel Tax Segments 10,944

Segments not suject to fuel tax

Minnesota, St. Croix and Black R. 52
Okeechobee Waterway 154
Cape Fear River ill
New York State Waterways 522

Total 11,783

NOTE: 1 Deep Draft Segment is not subject to fuel tax.
2 Depths less than 9 feet.
3 Chambers built before 1940.
4 149 miles are taxed; however, navigation is possible for

only 103 miles. Lock # 3 in no longer operable.
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TABLE 3

PERFORMANCE MONITORING SYSTEM

LOCKS WITH HIGH AVERAGE DELAY IN 1987
(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

AGE DELAY RIW AVERAGE AVERAGE YOTAL TOTAL TOTAL LOCK LOCK

DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFFIC

LOCK NWE & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS

(MIN) (MIN) (RS) (HRS) (#) (%) OF TONS

No. 20 (Upper Miss) (2) 867 961 46030 244 148 76 31.9
Inner Harbor (6GIWW) (1) 548 592 106551 1616 415 100 26.3

LAD 26 (Upper Miss) (1) 465 552 56165 377 562 97 69.3

No. 17 (Upper Miss) 334 420 15981 62 17 58 29.2

McAlpine (Ohio) (3) 296 356 26186 287 119 65 55.9

LaGrange (I11) (2) 295 371 15384 230 119 54 30.3

6allipolis (Ohio) (1) 291 392 20608 1141 200 43 34.5

Kentucky (Term) (3) 247 356 15786 194 280 86 30.1

No. 24 (Upper Miss) 246 335 13328 62 210 63 35.3

Winfield (Kanawha) (4) 244 416 13066 785 187 81 17.3

No. 25 (Upper Miss) 231 315 12285 141 78 61 35.3

Algiers Lock (61I) 217 262 36565 165 16 85 26.7

No. 16 (Upper Miss 216 294 11256 158 63 53 27.2

No. 22 (Upper Miss) (2) 204 300 11132 105 28 64 34.2

eldahl (Ohio) 200 269 14387 3235 63 45 46.3

L&D 52 (Ohio) (1) (2) 169 216 27523 1834 185 59 N.A.

No. 21 (Upper Miss) (2) 135 218 7264 692 42 52 33.4

Pickwick (Term) 130 231 5448 1255 214 50 17.8

Lockport (Ill) (2) 127 199 7259 336 860 52 13.9

Peoria (I11) (2) 125 188 6947 155 108 49 26.4

No. 15 (Upper Miss) 121 188 8288 389 554 46 25.2

No. 18 (Upper Miss) 111 193 5385 513 79 52 29.8

Chickamauga (Tern) (3) 106 419 1365 65 29 52 3.3

Montgomery (Ohio) (2)(3) 104 157 7383 6652 142 N.A. 23.0

No. 13 (Upper Miss) 79 138 3491 49 14 45 19.4

No. 14 (Upper Miss) (2) 78 146 3969 79 35 60 24.4

Port Allen (6IWW) 77 136 6688 2402 139 78 19.2

Marseilles (Ill) (2) 75 157 3527 88 156 52 17.6

PHS/ AE DELAY AV6E 73.07

Bonneville(Columbia) (1) 69 165 2373 18 16 53 8.9

Calcasieu Lock(6Ili) 68 95 15661 265 291 72 N.A.

Bayou Sorrel (611W) 62 90 5315 213 65 41 22.0
No. 12 (Upper Miss) 60 123 2519 19 39 46 19.3

Kaskaskia 58 83 289 1558 6 11 3.1
Harvey Lock (6IWW) 57 91 4012 137 285 47 3.5

Cneltnn (Ohio) 56 !!3 4914 59 54 32 61.0

Brandon Road (111) (2) 56 121 3250 123 114 48 14.4

Ft. Loudon (Tern) (3) 52 188 245 163 49 17 0.6

Leland Bowman (GIWW) 51 74 12111 5 16 64 42.2

No. 11 (Upper Miss) 49 122 1516 30 5 49 15.8

LW) 27 (Upper Miss) 49 88 9125 246 85 62 78.0

Notes: (1) Construction of replacement scheduled or underway

(2) Major rehabilitation recently completed or underway

(3) Replacement or improvement under study
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TABLE 4

PERFORMANCE MONITORING SYSTEM

LOCKS WITH HIGH AVERAGE PROCESSING TIME IN 1987

(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

AV PROCESS TIME RAW( AVERAGE AVERAGE TOTAL TOTAL TOTAL LOCK LOCK

DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFIC

LOCK N-A & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS

(MIN) (MIN) (HFRS) (HRS) (3) (%) OF TONS

No. 20 (Upper Miss) (2) 867 961 46030 244 148 76 31.9

Inner Harbor (GIW) (1) 548 592 106551 1616 415 100 26.3

L&D 26 (Upper Miss) (1) 465 552 56165 377 562 '7 69.3

No. 17 (Upper Miss) 334 420 15981 62 17 58 29.2

Chickasauga (Ten) (3) 106 419 1365 65 29 52 3.3

Winfield (Kanawha) (1) 244 416 13066 785 187 81 17.3

Ballipolis (Ohio) (1) 291 392 20606 1141 200 43 34.5

LaGranqe (111) (2) 295 371 15384 230 119 54 30.3

McAlpine (Ohio) (3) 296 356 26186 287 119 65 55.9

Kentucky (Ten) (3) 247 356 15786 194 290 86 30.1

No. 24 (Upper Miss) 246 335 13328 62 210 63 35.3

Watts Bar (Tenn) (3) 42 332 275 27 42 29 1.9

No. 25 (Upper Miss) 231 315 12285 141 78 61 35.3

No. 22 (Upper Miss) (2) 204 300 11132 105 28 64 34.2

No. 16 (Upper Miss 216 294 11256 158 63 53 27.2

Meldahl (Ohio) 200 269 14387 3235 63 45 46.3

Algiers Lock (1WW) 217 262 36565 165 16 85 26.7

Pickwick (Tenn) 130 231 5448 1255 214 50 17.8

No. 21 (Upper Miss) (2) 135 218 7264 692 42 52 33.4

L&D 52 (Ohio) (1)(2) 169 216 27523 1834 185 59 N.A.

Lockport (11) (2) 127 198 7259 336 860 52 13.9

No. 18 (Upper Miss) 111 193 5385 513 79 52 29.8

Peoria (111) (2) 125 188 6947 155 108 49 26.4

No. 15 (Upper Miss) 121 188 8288 389 554 46 25.2

Ft. Loudon (Tenn) (3) 52 188 245 163 49 17 0.6

Marmet fKanawa) (3) 35 183 3300 96 i 48 10.1

Bonneville(Columbia) (1) 69 165 2373 18 16 53 8.9

tlontgoery (Ohio) (2) (3) 104 157 7383 6652 142 N.A. 23.0

Marseilles (Ill) (2) 75 157 3527 88 156 52 17.6

No. 14 (Upper Miss) (2) 78 146 3969 79 35 60 24.4

London (Kanawha) 39 140 2267 1039 344 21 3.9

No. 131 (Upper Miss) 79 138 3491 49 14 45 19.4

Port Allen (6IWW) 77 136 6688 2402 139 78 19.2

PC AV PROCESS AVERAGE 134.24

No. 12 (Upper Miss) 60 123 2519 19 39 46 19.3

No. 11 (Upper Miss) 49 122 1516 30 5 49 15.8

Wheeler (Tenn) 20 121 354 34 20 22 7.4

Brandon Road (I11) (2) 56 121 3250 123 114 48 14.4

Wilson (Tenn) 27 120 645 46 23 37 7.7

Cannelton (Ohio) 56 113 4914 59 54 32 61.0

Dresden Island (11) (2) 44 112 2170 39 35 46 16.7

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway

(3) Replacement or improvement under study
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TABLE 5

PERFORMANCE MONITORING SYSTEM

LOCKS WITH HIGH TOTAL DELAY TIME IN 1987
(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

TOTAL DELAY RAK AVERAGE AVERAGE TOTAL TOTAL TOTAL LOCK LOCK
DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFFIC

LOCK NAME & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS
(MIN) (MIN) (RS) (MRS) (%) (Z) OF TON,

Inner Harbor (GIWW) (1) 548 592 106551 1616 415 100 26.3
L&D 26 (Upper Miss) (1) 465 552 56165 377 562 97 69.3
No. 20 (Upper Miss) (2) 867 961 46030 244 148 76 31.9
Algiers Lock (GIWN) 217 262 36565 165 16 85 26.7
L) 52 (Ohio) (1) (2) 169 216 27523 1834 185 59 N.A.
McAlpine (Ohio) (3) 296 356 26186 287 119 65 55.9
6allipolis (Ohio) (1) 291 392 20608 1141 200 43 34.5
No. 17 (Upper Miss) 334 420 15981 62 17 58 29.2
Kentucky (Tenn) (3) 247 356 15786 194 280 86 30.1
Calcasieu Lock(GIWW) 68 95 15661 265 291 72 N.A.
LaGrange (Il) (2) 295 371 15384 230 119 54 30.3
Meldahl (Ohin) 200 269 14387 3235 63 4S 46.3
No. 24 (Upper Miss) 246 335 13328 62 210 63 35.3
Winfield (Kanawha) (1) 244 416 13066 785 187 81 17.3
No. 25 (Upper Miss) 231 315 12285 141 78 61 35.3
Leland Bowman (GIWN) 51 74 12111 5 16 64 42.2
No. 16 (Upper Miss 216 294 11256 158 63 53 27.2
No. 22 (Upper Miss) (2) 204 300 11132 105 28 64 34.2
LW 27 (Upper Miss) 49 88 9125 246 85 62 78.0
No. 15 (Upper Miss) 121 188 8288 389 554 46 25.2
Montgomery (Ohio) (2) (3) 104 157 7383 6652 142 N.A. 23.0
No. 21 (Upper Miss) (2) 135 218 7264 692 42 52 33.4
Lockport (Ill) (2) 127 198 7259 336 860 52 13.9
Peoria (Ill) (2) 125 188 6947 155 108 49 26.4
Port Allen (GIWN) 77 136 6688 2402 139 78 19.2

PMS TOTAL DELAY AVERAGE 5636.70
Pickwick (Tenn) 130 231 5448 1255 214 50 17.8
No. 18 (Upper Miss) 111 193 5385 513 79 52 29.8
Bayou Sorrel (GIWN) 62 90 5315 213 65 41 22.0
Cannelton (Ohio) 56 113 4914 59 54 32 61.0
Harvey Lock (6IW) 57 91 4012 137 285 47 3.5
No. 14 (Upper Miss) (2) 78 146 3969 79 35 60 24.4
Bayou Boeuf (GIWW) 16 41 3841 170 60 56 27.2
Willow Island (Ohio) 10 60 3540 65 6 0 28.7
Uniontown (Ohio) 31 76 3528 178 52 34 77.6
Marseilles (i1) (2) 75 157 3527 88 156 52 17.6
No. 13 (Upper Miss) 79 138 3491 49 14 45 19.4
LW 7 (Mon) (1) 39 92 3317 48 17 59 14.3
Marmet (Kanawha) (3) 35 183 3300 96 18 48 10. 1
Brandon Road (111) (2) 56 121 3250 123 114 48 14.4
Newburgh (Ohio) 24 71 2740 59 230 36 69.7

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 6

PERFORMANCE MONITORING SYSTEM

LOCKS WITH HIGH TOTAL DOWNTIME IN 1987
(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

STALL TIME RAW( AVERAGE AVERA6E TOTAL TOTAL TOTAL LOCK LOCK
DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFIC

LOCK NAME & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS
(MIN) (MIN) (MRS) (RS) 3t) (X) OF TONS

Montgomery (Ohio) (2) (3) 104 157 7383 6652 142 N.A. 23.0
Meldahl (Ohio) 200 269 14387 3235 63 45 46.3
Port Allen (8IWW) 77 136 6688 2402 139 78 19.2
L&D 52 (Ohio) (1) (2) 169 216 27523 1834 185 59 N.A.
Inner Harbor (GIWW) (1) 548 592 106551 1616 415 100 26.3
Kaskaskia 58 83 289 1558 6 11 3.1

Maxwell (Man) 2 37 249 1301 9 53 16.3

Pickwick (Tenn) 130 231 5448 1255 214 50 17.8

6allipolis (Ohio) (1) 291 392 20608 1141 200 43 34.5
London (Kanawha) 39 140 2267 1039 344 21 3.9
Racine (Ohio) 18 71 1631 1008 41 17 31.6

L&D 2 (Man) (3) 15 59 1065 981 12 53 17.7
Winfield (Kanawha) (1) 244 416 13066 785 187 81 17.3
Hannibal (Ohio) 12 65 605 769 57 33 N.A.
No. 21 (Upper Miss) (2) 135 218 7264 692 42 52 33.4
harkland (Ohio) 32 87 2509 552 50 21 53.9
No. 18 (Upper Miss) 111 193 5385 513 79 52 29.8
No. 15 (Upper Miss) 121 188 8288 389 554 46 25.2
L&D 26 (Upper Miss) (1) 465 552 56165 377 562 97 69.3
Ice Harbor (Snake) 11 47 253 374 80 17 3.8
McNary (Columbia) 6 42 151 347 35 13 6.5
Lockport (111) (2) 127 198 7259 336 860 52 13.9
Sithland (Ohio) 6 55 791 328 137 37 87.2
PHS STALL TIME AVERAGE 323.67

Lwr Monumentl (Snake) 8 49 134 305 14 11 3.2
McAlpine (hio) (3) 296 356 26186 287 119 65 55.9
Calcasieu Lock(IWW) 68 95 15661 265 291 72 N.A.
Lower Granite(Snake) 4 34 59 263 7 10 2.2
L&D 27 (Upper Miss) 49 88 9125 246 85 62 78.0
No. 20 (Upper Miss) (2) 867 961 46030 244 148 76 31.9

Little Boose (Snake) 5 36 76 243 4 8 3.1

La~range (I11) (2) 295 371 15384 230 119 54 30.3

Pike Island (Ohio) 11 61 621 221 11 44 34.0

Bayou Sorrel (GIWW) 62 90 5315 213 65 41 22.0

Kentucky (Tenn) (3) 247 356 15786 194 280 86 30.1
Old River(Atchaflye) 27 63 1349 179 5.3 28 8.0

Uniontown (Ohio) 31 76 3528 178 52 34 77.6

Bayou Boeuf (8IWW) 16 41 3841 170 60 56 27.2

Algiers Lock (GIWW) 217 262 36565 165 16 85 26.7
Ft. Loudon (Tenn) (3) 52 188 245 163 49 17 0.6

No. 16 (Upper Miss 216 294 11256 158 63 53 27.2

Notes: (1) Construction of replacement scheduled or underway

(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 7

PERFORMANCE MONITORING SYSTEM

LOCKS WITH HIGH NUMBER OF STALLS IN 1987

(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

STALL NUMBER RANK AVERA6E AVERA6E TOTAL TOTAL TOTAL LOCK LOCK

DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFIC

LOCK NAME t (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS

(MIN) (MIN) (HRS) (HRS) (3) (Z) OF TONS

Lockport (Ill) (2) 127 198 7259 336 860 52 13.9

LD 26 (Upper Miss) (1) 465 552 56165 377 562 97 69.3

No. 15 (Upper Miss) 121 188 8288 389 554 46 25.2

Inner Harbor (GIWW) (1) 548 592 10651 1616 415 100 26.3

London (Kanawha) 39 140 2267 1039 344 21 3.9

Calcasieu Lock (6IW) 68 95 15661 265 291 72 N.A.

Harvey Lock (SIWW) 57 91 4012 137 285 47 3.5

Kentucky (Tenn) (3) 247 356 15786 194 280 86 30.1

Newburgh (Ohio) 24 71 2740 59 230 36 69.7

Pickwick (Tenn) 130 231 5448 1255 214 50 17.8

No. 24 (Upper Miss) 246 335 13328 62 210 63 35.3

Sallipolis (Ohio) (1) 291 392 20608 1141 200 43 34.5

Winfield (Kanawha) (1) 244 416 13066 785 187 81 17.3

L0 52 (Ohio) (1)(2) 169 216 27523 1834 185 59 N.A.

Marseilles (Ill) (2) 75 157 3527 88 156 52 17.6

No. 20 (Upper Miss) (2) 867 961 46030 244 148 76 31.9

Montgoery (Ohio) (2) (3) 104 157 7383 6652 142 N.A. 23.0

Port Allen (6INW) 77 136 6688 2402 139 78 19.2

Sithland (Ohio) 6 55 791 328 137 37 87.2

McAlpine (Ohio) (3) 296 356 26186 287 119 65 55.9

Larange (Ill) (2) 295 371 15384 230 119 54 30.3

Brandon Road (11) (2) 56 121 3250 123 114 48 14.4

Peoria (Ill) (2) 125 188 6947 155 to 49 26.4

LO 27 (Upper Miss) 49 88 9125 246 85 62 78.0

Ice Harbor (Snake) 11 47 253 374 80 17 3.8

No. 18 (Upper Miss) 111 193 5385 513 79 52 29.8

No. 25 (Upper Miss) 231 315 12285 141 78 61 35.3

No. 19 (Upper Miss) (2) 45 107 2226 146 72 43 31.2

PHS STALL EVENTS AVGE 70.79

Bayou Sorrel (GIWW) 62 90 5315 213 65 41 22,0

No. 16 (Upper Miss 216 294 11256 158 63 53 27.2

Meldahl (Ohio) 200 269 14387 3235 63 45 46.3

Bayou Boeuf (GIWW) 16 41 3841 170 60 56 27.2

Starved Rock (I11) (2) 44 111 2116 31 58 45 19.3

Hannibal (Ohio) 12 65 605 769 57 33 N.A.

Cannelton (Ohio) 56 113 4914 59 54 32 61.0

Old River (Atchaflya) 27 63 1349 179 53 28 8.0

Uniotown (Ohio) 31 76 3528 178 52 34 77.6

Markland (Ohio) 32 87 2509 552 50 21 53.9

Ft. Loudon (Ten) (3) 52 188 245 163 49 17 0.6

Cheatham(Cumberland) 11 62 213 73 46 12 4.9

Notes: (1) Construction of replacement scheduled or underway

(2) Major rehabilitation recently completed or underway

(3) Replacement or improvement under study
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TABLE 8

PERFORMANCE MONITORING SYSTEM

LOCKS WITH ABOVE AVERAGE UTILIZATION IN 1987
(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

UTILIZATION RAK AVERAGE AVERAGE TOTAL TOTAL TOTAL LOCK LOCK
DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFFIC

LOCK WAME & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS
(MIN) (MIN) (HRS) (HRS) (Q) (%) OF TONS

Inner Harbor (GIWN) (1) 548 592 106551 1616 415 100 26.3
L&) 26 (Upper Miss) (1) 465 552 56165 377 562 97 69.3
Kentucky (Ten) (3) 247 356 15786 194 290 86 30.1
Algiers Lock (GIWN) 217 262 36565 165 16 85 26.7
Winfield (Kanawha) (1) 244 416 13066 785 187 81 17.3
Port Allen (GIWW) 77 136 6688 2402 139 78 19.2
No. 20 (Upper Miss) (2) 867 961 46030 244 148 76 31.9
Calcasieu Lock(GIWW) 68 95 !3661 265 291 72 N.A.
IAlpine (Ohio) (3) 296 356 26186 287 119 65 55.9
No. 22 (Upper Miss) (2) 204 300 11132 105 28 64 34.2
Leland Bowuan (IWN) 51 74 12111 5 16 64 42.2
No. 24 (Upper Miss) 246 335 13328 62 210 63 35.3
Ensworth (Ohio) (2) (3) 25 80 1730 118 14 63 20.4
No. 1 (Upper Miss) (2) 2 35 49 3 2 62 1.3
L&) 27 (Upper Miss) 49 88 9125 246 85 62 78.0
No. 25 (Upper Miss) 231 315 12285 141 78 61 35.3
No. 14 (Upper Miss) (2) 78 146 3969 79 35 60 24.4
LW) 7 (Mon) (1) 39 92 3317 48 17 59 14.3
L0 52 (Ohio) (1) (2) 169 216 27523 1834 185 59 N.A.
LW& 3 (MOn) (2)(3) 16 50 1675 51 3 59 19.9
No. 17 (Upper Miss) 334 420 15981 62 17 8 29.2
Dashields (Ohio) (2) (3) 30 91 1965 74 20 57 21.7
Bayou Boeuf (GIWW) 16 41 3841 170 60 56 27.2
L&D 4 (Mon) (3) 22 69 1720 55 7 55 17.7
LaGrange (111) (2) 295 371 15384 230 119 54 30.3
No. 16 (Upper Miss 216 294 11256 158 63 53 27.2
Maxwell (Mon) 2 37 249 1301 9 53 16.3
LW 2 (Mon) (3) 15 59 1065 981 12 53 17.7
Bonneville(Columbia) (1) 69 165 2373 18 16 53 8.9
No. 21 (Upper Miss) (2) 135 218 7264 692 42 52 33.4
No. 18 (Upper Miss) 111 193 5385 513 79 52 29.8
Marseilles (111) (2) 75 157 3527 88 156 52 17.6
Lockport (111) (2) 127 198 7259 336 860 52 13.9
Chickaeauga (Ten) (3) 106 419 1365 65 29 52 3.3
Pickwick (Tenn) 130 231 5448 1255 214 50 17.8
New Cumberland(Ohio) 12 68 634 31 9 50 28.2
Peoria (Ill) (2) 125 188 6947 155 108 49 26.4
No. I (Upper Miss) 49 122 1516 30 5 49 15.8
Marmet (Kanawha) (3) 35 183 3300 96 18 48 10.1
L&D 8 (Mon) (1) 21 69 1553 60 4 48 12.2

PH UTILIZATION AVGE 39.03

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 9

CAPACITY UTILIZATION

LOCKS WITH HIGH DELAYS & DOWNTIME
(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

TOP 40 ESTIMATED LOCK PERCENT AVERAGE VERAGE TOTAL TOTAL PMS
LOCK CAP. TRAFFIC CAPACITY DELAY PROCESS DELAY STALL RAI

LOCK NAME & (RIVER) MILL.TONS MILLIONS USED TIME TIME TIME TIME EQUAL
LOW HIGH OF TONS LOW HIGH (MIN) (MIN) (RS) (RS) BASIS

Inner Harbor (GIWW) (1) 31 35 26.3 87.7 75.1 548 592 106551 1616 103
L&D 26 (Upper Miss) (1) 70 75 69.3 99.0 92.4 465 552 56165 377 96
No. 20 (Upper Miss) (2) 53 57 31.9 60.2 56.0 867 961 46030 244 84
6allipolis (Ohio) (1) 45 55 34.5 76.7 62.7 291 392 20608 1141 83
No. 17 (Upper Miss) 53 54 29.2 55.1 54.1 334 420 15981 62 73
Winfield (Kanawha) (1) 18 22 17.3 96.1 78.6 244 416 13066 785 70
McAlpine (Ohio) (3) 82 116 55.9 -68.2 48.2 296 356 26186 297 69
Meldahl (Ohio) 97 133 46.3 47.7 34.8 200 269 14387 3235 68
L&D 52 (Ohio) (1)(2) 100 115 N.A. N.A. N.A. 169 216 27523 1834 68
La~range (Ill) (2) 46 49 30.3 65.9 61.8 295 371 15384 230 64
Kentucky (Tenn) (3) 35 39 30.1 86.0 77.2 247 356 15786 194 62
No. 24 (Upper Miss) 59 60 35.3 59.8 58.8 246 335 13328 62 56
Algiers Lock (GIWW) 26 29 26.7 102.7 92.1 217 262 36565 165 56
No. 25 (Upper Miss) 59 60 35.3 59.8 58.8 231 315 12285 141 50
No. 16 (Upper Miss 48 49 27.2 56.7 55.5 216 294 11256 158 44
Pickwick (Tenn) 75 80 17.8 23.7 22.3 130 231 5448 1255 43
No. 22 (Upper Miss) (2) 44 52 34.2 77.8 65.8 204 300 11132 105 43
No. 21 (Upper Miss) (2) 52 57 33.4 64.2 58.6 135 218 7264 692 40
Montgomery (Ohio) (2)(3) 37 39 23.0 62.2 59.0 104 157 7383 6652 39
Chickauauga (Tenn) (3) 5 7 3.3 66.0 47.1 106 419 1365 65 35
No. 15 (Upper Miss) 49 50 25.2 51.4 50.4 121 188 8288 389 30
Lockport (Ill) (2) 33 33 13.9 42.1 42.1 127 198 7259 336 28
No, 18 (Upper Miss) 55 56 29.8 54.2 53.2 111 193 5385 513 26
Port Allen (8IWW) 32 35 19.2 60.0 54.9 77 136 6688 2402 25
Watts Bar (Tern) (3) 5 7 1.9 38.0 27.1 42 332 275 27 22
Peoria (I11) (2) 44 52 26.4 60.0 50.8 125 188 6947 155 22
Kaskaskia 30 35 3.1 10.3 8.9 58 83 289 1558 18
Maxwell (Mon) 59 95 16.3 27.6 17.2 2 37 249 1301 17
Londo (Kanawha) 18 22 3.9 21.7 17.7 39 140 2267 1039 17
Calcasieu Lock(GIWW) N.A. 60 N.A. N.A. 70.3 68 95 15661 265 16
Racine (Ohio) 107 138 31.6 29.5 22.9 18 71 1631 1008 13
L&D 2 (Man) (3) 50 74 17.7 35.4 23.9 15 59 1065 981 12
Leland Bowman (GIWW) N.A. N.A. 42.2 N.A. N.A. 51 74 12111 5 10
Hannibal (Ohio) 110 132 N.A. N.A. N.A. 12 65 605 769 10
Ft. Loudon (Tenn) (3) 5 7 0.6 12.0 8.6 52 188 245 163 9
Marmet (Kanawha) (3) 18 22 10.1 56.1 45.9 35 183 3300 96 a
Markland (Ohio) 89 133 53.9 60.6 40.5 32 87 2509 552 8
No. 14 (Upper Miss) (2) 51 52 24.4 47.8 46.9 78 146 3969 79 7
L&D 27 (Upper Miss) 142 158 78.0 46.2 41.7 49 88 9125 246 7
Bonneville(Columbia) (1) 12 12 8.9 74.2 74.2 69 165 2373 18 7

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 10
INLAND WATERWAYS T JST F UND

ANALYSIS OF ESTIMATED INCOME AND WTLAYS
(SCENARIO BASED ON NUMBER OF PROJECTS THAT MAY BE FOUND
JUSTIFIED, CONSTRUCTION TIMING DETERMINED BY AVAILABLE

FUND BALANCES, ULTIMATE COST DETERMINED BY TIMING OF
CONSTRUCTION AND INTEREST/INFLATION ASSUMPTIONS)

Year Estimated Tax Interest Year-End
Outlays Revenues Earnings Balance

1987 33658000 48000000 0 279,000,000
1988 66245000 48720000 22320000 283,795,000
1989 87371000 49450800 23838780 269,713,580
1990 129600000 55211818 23195368 218,520,766
1991 116750000 66229086 18792786 186,792,638

1992 96399000 77564448 16250959 184,209,045

1993 114645000 89224970 16210396 174,999,412
1994 113088000 101217856 15224949 178,354,216

1995 169599229 108143288 15338463 132,236,739
1996 159494229 109765438 11372360 93,880,307
1997 155739229 111411919 8073706 57,626,704
1998 150739229 113083098 4840643 24,811,216
1999 140739229 114779344 2059331 910,663

2000 106138229 116501035 75585 11,349,054
2001 73674076 118248550 930622 56,854,150
2002 65704076 120022278 4662040 115,834,393
2003 153428827 121822613 9498420 93,726,598
2004 153428827 123649952 7685581 71,633,304

2005 153428827 125504701 5873931 49,583,109

2006 167859792 127387272 4065815 13,176,403
2007 121685716 129298081 1080465 21,869,233

2008 121685716 131237552 1793277 33,214,346
2009 119184569 133206115 2723576 49,959,469
2010 119184569 135204207 4096676 70,075,783

2011 119184569 137232270 5746214 93,869,697

2012 104753604 139290754 7697315 136,104,162

2013 104753604 141380115 11160541 183,891,214

2014 225555462 143500817 15079080 116,915,649

2015 120801857 145653329 9587083 151,354,204

2016 188029601 147838129 12411045 123,573,778

2017 188029601 150055701 10133050 95,732,928

2018 188029601 152306537 7850100 67,859,964

2019 223816459 154591135 5564517 4,199,157

2020 103014601 156910002 344331 58,438,888

Note: Anticipated projects include nine authorized to draw

from the Trust Fund and 12 additional projects under study.
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FIGURE 1

U.S. INLAND WATERWAY TRAFFIC BY COMMODITY
1965-1986
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FIGURE 2
U.S. TOTAL INTERNAL WATERBORNE COMMERCE

HISTORIC 1950-1986 AND PROJECTED 1990, 1995 AND 2000
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Chapter 1

PHYSICAL SYSTEM

CHANNELS AND LOCKS

More than a half billion tons of commodities are transported through the 216 lock chambers
at 167 lock sites on the 11,000 miles of fuel taxed segments on the nation's shallow draft
inland and intracoastal waterway system. Most of the channels in the system are shallow draft
with depths of 9 to 14 feet. Figure 1.1 shows the system. A larger map which shows the
principal segments is shown on page A-3 in Appendix A. Table 1 describes the principal
waterways.

Operators of commercial vessels on fuel tax segments are subject to the federal inland
waterways fuel tax. For summarization purposes, the 27 waterways have been aggregated into
nine major segments shown in Figure 1.2 and Table 1. The fuel tax, authorized by Public Law
95-502 (Inland Waterways Revenue Act of 1978) and Public Law 99-662 (Water Resources
Development Act of 1986), is currently $.10 per gallon of fuel used by commercial vessels on
the 27 designated waterways, but will increase to $.20 per gallon by 1995.

The physical characteristics described in this chapter and the appendix include channel
length (Figure 1.3), width, and depth; chamber length, width, and lift; age of lock, and
existence of auxiliary locks (Table 1).

Channels

The generally north-south oriented Mississippi River and its tributaries are the nation's
major inland river transportation network and include the Mississippi, Ohio, Illinois, Arkansas,
Tennessee, Missouri and other navigable rivers. These improved navigable channels contain 85
percent of the network's navigable channels with controlling depths of at least 9 feet.

The dominantly east-west oriented Gulf Intracoastal Waterway (GIWW) extends along the
coast of the Gulf of Mexico for about 1,100 miles, from St. Marks, Florida, to Brownsville,
Texas, on the border with Mexico. Nearly midway along the coast the Mississippi River
intersects the GIWW at New Orleans. East of New Orleans the GIWW is intersected by a
number of rivers, streams, and channels, including the Mobile River and its tributaries and the
Apalacnicola-Chattahoochee-Flint System. To the west, waterway traffic enters the GIWW from
many intersecting waterways, including the GIWW--Morgan City to Port Allen Route, the
Atcli,'falaya River, and the deep draft Houston Ship Channel.

The Mississippi River and its tributaries and the GIWW connect Gulf Coast ports -- such as
New Orleans, Houston, Baton Rouge, Beaumont, Corpus Christi, and Mobile -- with major
inland ports -- St. Louis, Pittsburgh, Huntington, Cincinnati, Memphis, and Chicago. This
major network also provides the operational setting for about 3,200 towboats and 28,000 barges.

Concomitantly, the controlling depth of 45 feet in the section of the Mississippi River from
Baton Rouge to the Gulf of Mexico allows ocean shipping to join the barge traffic, thereby
making this segment vital to both the domestic and foreign trade of the United States.

The Atlantic Intracoastal Waterway is a combination of protected coastal waterways and
connecting canal segments which run parallel to the Atlantic Coast between Norfolk, Virginia,
and Jacksonville, Florida. Another section known as the Intracoastal Waterway continues from
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Jacksonville southward to the Florida Keys. A partially protected stretch of the Atlantic
Intracoastal Waterway also extends along the Atlantic side of the Delmarva Peninsula and along
the coasts of New Jersey and Long Island, NY. Atlantic Coast ports and deep draft channels
are connected with areas further inland by other shallow draft waterways that are not very long
and serve only a limited area.

The shallow-draft inland and coastal waterways of the Pacific Coast include the
Columbia-Snake Waterway and the Willamette River above Portland, Oregon; the Sacramento
River above Sacramento, California; the San Joaquin River above Stockton, California; and a
few short navigable river stretches along the Washington and Oregon coasts. As on the
Atlantic Coast, deep draft channels carry most of the waterborne commerce. These channels
include the Columbia River below Portland; Puget Sound; the Sacramento and Stockton Deep
Draft Ship Channels; and San Francisco Bay.

Locks

There are 167 commercially active locks with 216 chambers in the nine segments. The
locks are generally of three lengths. Twelve percent of the lock chambers are 1,000 to 1,200
feet long, fifty-four percent are 600-999 feet long, and thirty-four percent are less than 600 feet
long. Widths are mostly 110 feet. Medium and small sized locks are main and auxilliary
chambers on the main rivers or single locks on the smaller tributary rivers. The 110 foot wide
by 600 or 1200 foot long locks can accommodate a tow made up of 8 to 17 jumbo barges each
measuring 35 feet wide by 195 feet long and designed to operate in a 9-foot channel. The lock
size and barge size are critical factors in the amount of cargo that can pass through a lock in a
given period of time, as will be discussed below.

The ages of the operating chambers of the major locks on the nine waterway segments are
summarized in Table 1.1 and Figure 1.4. The locks range in age from less than a year old on
the Red River to 151 years old on the Green River. About one-third of the chambers are 20
years old or less, and over two-fifths of the chambers will be more than 50 years old by the
end of this decade. The median age of all chambers is almost 35 years.

Despite the range in age and the number of relatively new lock chambers, there are
significant signs of age within the system. Locks on any given waterway tend to be from the
same era. Problems that come with aging locks on the waterways tend to affect many locks at
the same time.

All but five chambers on the Upper Mississippi were built before 1940. On the Illinois
Waterway, all but one lock will be over 50 years old by the end of the decade. Every lock on
the Kanawha River is 50 or more years old. The Allegheny River's youngest lock is 49 years
old. Locks with ages of 50 or more years can be found on the Monongahela, Green,
Tennessee/Clinch and Ohio Rivers. The three Atlantic Intracoastal Waterway locks are nearly
50 years old. The Willamette River in the Columbia-Snake Waterway segment has five locks,
each of which is over 100 years old, and one Columbia River lock is 50 years old.

At the other end of the age distribution is the Tennessee-Tombigbee Waterway, placed in
operation in 1985. The entire Mobile River and Tributaries Waterway is relatively new, with
only three locks over 30 years old. The Gulf Intracoastal Waterway is a middle-aged system
fitting neither the new nor old cohorts described above. Most of its locks range from 24 to 37
years old. For additional data regarding locks see the Annual Repor FY86 of the Secretary of
the Army Civil Works Activities, Appendix C: Navigation Locks and Dams Operable
September 30, 1986.
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COMMERCIAL FLEET

This section describes the characteristics, operations and utilization of the existing fleet of
vessels serving the inland waterways. Three vessel types are considered - dry cargo barges,
liquid cargo barges, towboats/tugboats.

In 1985 there were about 29,300 dry cargo barges with a total cargo capacity of over 38
million tons or 1,320 tons per barge (Table 1.2). Since 1950 the number of barges, shown in
Figure 1,5, has grown 160 percent from just over 11,300 to its present size. The fleet's cargo
capacity has increased from less than 8 million tons, an increase of 320 percent. Consequently,
the average capacity per barge nearly doubled from 700 tons over the past 35 years. The dry
cargo barge fleet is predominantly open hopper, covered hopper, and deck or flat barges. They
are employed on the shallow-draft waterways as well as in deep-draft areas along the coasts and
on the Great Lakes.

In the Mississippi River and Tributaries - GIWW region in 1985 there were over 24,000
cargo barges with a total cargo capacity of almost 33 million tons. This region propelled the
U.S. fleet's growth.

Operating in the Mississippi River and tributaries - GIWW region are about 50 different
types and sizes of barges. Dry cargo barges comprise 88 percent of the barges and 82 percent
of cargo capacity in the region; they average 15 years in age (Table 1,3). The 195 foot length
predominates, comprising 75 percent of the barges and 85 percent of the cargo capacity. Jumbo
barges are 35 feet wide while standard barges are 26 feet wide and shorter. Covered hopper
barges account for about half and open hopper barges for over one quarter of the region's dry
cargo barge capacity.

The tank barge fleet in 1985 was about 4,250 barges with a total cargo capacity exceeding
10.8 million tons (Table 1,4). Since 1950 the number of barges, as shown in Figure 1.6, has
more than doubled. However, the fleet's cargo capacity has increased at triple that rate (310
percent) from just over 2.6 million tons. Tank barges are employed in the same regions of the
country as are dry cargo barges.

In the Mississippi River and Tributaries - GIWW region in 1985 as shown in Table 1.5
there were over 3,500 tak barges with a total cargo capacity of over 7.3 million tons. The
three most common barge lengths are, in order of importance, 250 - 300, 190 - 200, and less
than 170 foot lengths. There is also greater diversity in barge widths. Compartmented barges
account for 40 percent of the barges (1,350) and total capacity (2.8 million tons) and average
19 years cld. Non-compartmented barges account for 60 percent of the barges (2,050) and total
capacity (4.2 million tons) and average one year younger. With high capital and operating
costs for tank and dry cargo barges plus towboats under normal operations, the impact of added
transportation costs caused by congestion and delay at locks becomes very apparent.

In 1985 there were approximately 5,000 towboats and tugboats in the United States fleet
(Table 1.6). Together, the fleet totaled over 8 million horsepower or 1,600 horsepower per
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vessel. The fleet size has grown 20 percent in 35 years from less than 4,100 boats (Figure
1.7). However, its total horsepower has increased 365 percent from about 1.7 million in 1950.

In the Mississippi River - GIWW region there were over 3,200 towboats and tugboats
operating in 1985. Towboats on the waterways can be divided into three categories, workboats
or fleetboats and medium and high horsepower linehaul towboats. Each has unique
requirements (Table 1.7). About 30 percent of the fleet are linehaul towboats propelling barges
between ports and terminals on the inland waterway system. Most linehaul towboats on the
inland waterway are over 100 feet long and some of the most powerful are almost 200 feet
long.

Workboats and fleetboats are low horsepower vessels designed to handle and sort barges
alongside terminals, to transport barges to and from fleet areas, and to break off or add on
barges to linehaul tows moving in midstream. Crew accommodations are minimal and power
ranges up to 1,500 horsepower. They comprise 70 percent of the fleet (2,200 boats), but only
30 percent of the total horsepower.

Medium horsepower linehaul towboats of 1500-5000 horsepower with single or twin screws
handle the majority of multiple barge tows on all rivers in the inland waterways system. They
comprise about one-fourth of the fleet (770 boats) with 42 percent of the total horsepower
operating on the Mississippi River - GIWW system. Their average age in 1985 was 17-20
years. Linehaul boats frequently "turn-around" in the Cairo, Illinois, area, transferring barges to
and from higher horsepower towboats working the Lower Mississippi.

High horsepower linehaul towboats of 5,000-10,500 horsepower, with twin or triple screws,
move the largest tows in the relatively broad reaches of the inland waterway network, such as
the Lower Mississippi and Ohio Rivers. Grain shipments have attracted 10,500 horsepower
towboats to points as far north as Lock and Dam 21 on the Upper Mississippi River, about 140
miles above St. Louis. They comprise 6 percent of the fleet (220 towboats) with 28 percent of
the horsepower. In 1985 their average age was 11-12 years.
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TABLE 1.1

AGE DISTRIBUTION OF LOCK CHAMBERS
ON FUEL TAX WATERWAYS BY SEGMENT*

RIVER AGE (Years)
SEGMENT 0-10 11-20 21o30 31-40 41-50 51-60 61-70 >70 TOTAL

NUMBER OF CHAMBERS

UPP MISS 0 0 3 1 17 11 1 0 33
MID MISS 0 1 0 2 0 0 0 0 3
LOW MISS 4 19 1 0 0 0 0 0 24
ILLINOIS 0 0 1 0 2 5 0 0 8
OHIO 4 19 20 6 11 21 4 7 92
GIW 1 0 3 16 0 1 0 0 21
MOBILE 10 4 3 1 1 0 0 0 19
AIWW 0 0 0 0 2 1 0 0 3
C-S-w 0 4 2 1 1 0 0 5 13

TOTAL 19 47 33 27 34 39 5 12 216

*Ages are as of 1987.
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TABLE 1.2
DRY CARGO BARGE FLEET, 1950 - 1985, FOR

THE UNITED STATES AND THE MISSISSIPPI-GIW REGION

Total Percent Total Ton Percent Avg. Cap. Percent
Year Number Change Capacity Change /Barge Change

United States

1950 11,339 --- 7,860,688 --- 693 ---
1955 12,400 9.4 9,685,485 23.2 781 12.7
1960 14,025 13.1 12,188,956 25.8 869 11.3
1965 14,241 1.5 14,607,733 19.8 1,026 18.1
1970 15,890 11.6 17,695,275 21.1 1,114 8.6
1975 21,876 37.7 25,525,996 44.3 1,167 4.8
1980 27,426 25.4 34,486,851 35.1 1,257 7.7
1985 29,287 6.8 38,633,297 12.0 1,319 4.9
1950-85 158.3 319.5 90.3

Mississippi-GIWW Region

1950 5,563 --- 4,375,975 --- 787 ---
1955 7,466 34.2 6,454,542 47.5 865 10.0
1960 9,672 29.5 9,117,836 41.3 942 8.9
1965 10,679 10.4 11,131,581 22.1 1,042 9.6
1970 12,550 17.5 14,284,009 28.3 1,138 9.2
1975 17,345 38.2 21,031,652 47.2 1,213 6.6
1980 22,586 30.2 29,261,091 39.1 1,296 6.8
1985 24,442 8.2 33,071,147 13.0 1,353 4.4
1950-85 339.4 655.7 70.5

%t

Source USA: Waterborne Commerce Statistics Center, WRSC-TL-85 Waterborne
Transportation Lines of the U.S. 1985.
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TABLE 1.3
MISSISSIPPI-GIWW REGION DRY CARGO BARGE FLEET

CHARACTERISTICS BY TYPE AND SIZE CATEGORY, 1985

Barge Barges Capacity in ton Avg. Avg.
Type and Size Total Total Tons Age

OPEN HOPPER
Less than 170' 245 4 145,179 2 59 33
170' -180' 1,376 20 1,287,079 14 935 21
190' -200' 5,200 75 7,768,159 83 1,494 15
200' -225' 13 0 19,336 0 1,487 23
225' -250 64 1 131,214 1 2,050 10
250' -300' 12 0 33,724 0 2810 22

6,910 (28) 9,384,691 (28) 1,358 17
COVERED HOPPER
Less than 170' 40 0 26,582 0 665 33
170' "180' 42 0 39,233 0 934 34
190' -200' 10,304 99 15,968,160 98 1,-552 12
200' -225' 3 0 5,950 0 1,983 26
225'250' 10 0 38,344 0 3,834 15
250' -300' 7 0 20,462 0 2,923 14
Over 300' 8 0 179,800 1 22,475 19
Unknown 3 0

10,417 (43) 16,278,531 (49) 1,566 12
DECK/FLAT
Less than 170' 1,589 68 810,141 39 524 24
170' -180' 120 5 165,351 8 1,401 21
180' -190' 21 1 33,260 2 1,584 21
190' -200' 506 22 719,896 35 1,431 20
200' -225' 28 1 50,685 2 1,877 32
225' -250' 69 1 170,398 8 2,582 18
250' -300' 16 1 70,982 3 4,436 12
Over 300' 3 __ 64,800 3_ 21600 14

2,352 (10) 2,085,513 (6) 907 23
LASH/SEABEE
Less than 170' I,113 100 460.782 100 414 14

1,113 (5) 460,782 (1) 414 14
OTHER/UNKNOWN
Less than 170' 956 26 455,160 9 494 24
170' -180' 75 2 84,779 2 1,146 20
180' -190' 3 0 4,245 0 1,415 18
190' -200' 2,368 65 3,538,318 73 1,524 10
200' -225' 16 0 33,387 1 2,087 13
225' -250' 60 2 168,489 3 3,120 16
250' -300' 129 4 402,980 8 3,124 6
Over 300' 10 0 129,508 3 12,951 11
Unknown 21 _A 16,058 0 1,487 9

3638 (15) 4.833.224 (15 1.366 14
TOTAL 24,430 (101) 33,042,741 (99) 1,362 15

Source: WRSC-TL-85
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TABLE 1.4
TANK BARGE FLEET, 1950-1985, FOR

THE UNITED STATES AND THEMISSISSIPPI-GIW REGION

Total Percent Total Ton Percent Avg. Cap. Percent
Year Number Change Capacity Change /Barge Change

United States

1950 2,050 --- 2,634,090 --- 1.285 ...

1955 2,188 6.7 3,041,565 15.5 1,390 8.2
1960 2,429 11.0 3,716,925 22.2 1,530 10.1
1965 2,548 4.9 4,946,288 33.1 1,941 26.9
1970 3,281 28.8 6,332,749 28.0 1,930 -0.6
1975 3,524 7.4 8,201,561 29.5 2,321 20.3
1980 4,166 18.2 10,388,265 26.7 2,494 7.5
1985 4,252 2.1 10,842,430 4.4 2,550 2.2
1950-85 107.4 311.6 98.4

MlssissiRvi-GIWW Region

1950 1,383 -- 1,489,502 --- 1,077 ---

1955 1,513 9.4 2,284,878 5.1 1,510 40.2
1960 1,812 19.8 2,852,975 24.9 1,574 4.2
1965 2,031 12.1 4,037,480 41.5 1,988 26.3
1970 2,659 30.9 4,821,062 19.4 1,813 -8.8
1975 2,903 9.2 6,117,768 26.9 2,107 16.2
1980 3,445 18.7 7,147,532 16.8 2,075 -1.5
1985 3,529 2.4 7,317,728 2.4 2,074 -0.0
1950-85 155.2 391.3 92.6

Source: WRSC-TL-85
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TABLE 1.5
MISSISSIPPI-GIW REGION TANK LARGE FLEET

CHARACTERISTICS BY TYPE AND SIZE CATEGORY, 1985

Barge Barges Tonnage Avg. Avg.
Type and Size Total Total Tons Age

COMPARTMENTED

Less than 170' 215 16 270,175 10 1,293 21
170' -180' 57 4 95,302 3 1,672 20
180' -190' 21 2 42,551 2 2,026 16
190' -200' 564 42 855,291 30 1,522 18
200' -225' 61 5 109,165 4 1,790 25
225' -250' 123 9 308,458 11 2,549 18
250' -300' 294 22 1,028,363 37 3,510 18
Over 300' 6 0 85,786 3 14,298 12
Unknown ..... 3 - 10.15Q _Q 3383 U

1,344 (40) 2,805,241 (40) 2,104 19

NON-COMPARTMENTED

Less than 170' 399 20 436,174 10 1,136 23
170' -180' 73 4 135,066 3 1,850 24
180' -190' 13 1 23,669 1 1,972 21
190' -200' 634 31 930,994 22 1,487 16
200' -225' 104 5 218,101 5 2,138 23
225' -250' 121 6 293,747 7 2,532 23
250' -300' 657 32 2,049,710 49 3,218 15
Over 300' 29 1 131,040 3 4,680 13
Unknown 3 - 1.341 _. L.41 12

2,033 (60) 4,219,842 (60) 2,132 18

OTHER/UNNOWN

Less than 170' 2 33 0 4
190' -200' 3 50 2,900 70 967 28
200' -225' 1 12 1254 20 1.254 2

6 0 4,154 0 1,038 20

TOTAL 3,383 (100) 7,029,237 (100) 2,120 18

Source: WRSC-TL-85
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TABU 1.6
TOWBOAT - TUGBOAT FLEET, 1950-1985, FORTHE UNITED STATES AND THE NISSISSIPPI-GrVW REGION

Total Percent Total Percent Avg. Hp. Percent
Year Number Change Horsepower Change /Towboat Change_

United Staes

1950 4,051 --. 1,727,840 ... 428 ...
1955 4,162 2.7 2,083,576 20.6 501 17.1
1960 4,203 1.0 2,621,961 25.8 624 24.6
1965 4,054 -3.5 2,980,146 13.7 735 17.8
1970 4,248 4.8 3,858,563 29.5 908 23.5
1975 4,100 -3.5 5,088,221 31.9 1,241 36.7
1980 4,693 14.5 7,146,576 40.5 1,523 22.7
1985 4,954 5.6 8,030,407 12.4 1,621 6.4
1950-85 22.3 364.8 278.7

Mussissipli-.GW Region

1950 1,489 -.. 744,220 --. 500
1955 1,752 17.7 1,026,318 37.9 586 17.2
1960 1,889 7.8 1,408,710 37.3 746 27.3
1965 2,023 7.1 1,698,312 20.6 840 12.6
1970 2,297 13.5 2,274,599 33.9 990 17.9
1975 2,404 4.7 3,226,545 41.9 1,342 35.6
1980 2,945 22.5 4,637,667 43.7 1,575 17.4
1985 3,220 9.3 5,153,940 11.1 1,601 1.7
1950-85 116.3 592.5 220.2

Source: WRSC.TL.85

TABLE 1.7
MISSISSIPPI-GIW REGION TOWBOAT-TUGBOAT FLEET

CHARACTERISTICS BY HORSEPOWE CLASS, 1985

Horsepower Boats Horsepower Avg. Avg.
Class Total t Total Hpr. Age

Under 500 705 22 224,364 4 318 25
501-1000 1,104 34 856,402 17 776 16

1001-1500 383 12 467,431 9 1,220 16
1501-2000 270 8 478,635 9 1,773 20
2001-3000 182 6 465,471 9 2,558 19
3001-4000 180 6 629,022 12 3,495 20
4001-5000 136 4 604,640 12 4,446 17
5001-7000 173 5 1,019,306 20 5,892 12
7001-9000 38 1 306,348 6 8,062 12
Over 9000 10 0 102,321 2 10,232 11
Unknown _22 -. _-A 11
Total 3,200 100 5,153,940 100 1,620 18

Source: WRSC-TL-85

35



St WAVE nAl"t

ONE!

OFF Its
of 0,10

641mm"fam
I -T NOT---L

ON to forf"Ns

41W NFAW01" W IN FENNO,

41,041 f" 104.1041

0 11410 moll 4011 on 1*"
------------

ftwo calwom" wmmwo

FIGUU
UNITED STATES PRINCIPAL COMMERCIAL WATERWAYS. IM

COLUMMA/SNM

upmm

miss

IF 0

4b

13V

bass

bowls
OF -%

%

FIME 1. 2
INLAND WAVERWAY SEGMENTS



Sam"

2000o

1000.1
IV

01 N±1401S WI

SEGMENT

FIGURE 1.3
iNLAND WATERWAY SYSTEM SEGMENT LENGTHS

1 0 0 . C H A B .ER SNN
O)- 

TOTAi

A0E0
so-

70"

CO.

~40-

30-

2 0 "0o- l E- - e
OH IIO R. rm LOWER MISS. MOBI J & TP . AJW'WL Mam

UPPER imS OtW C0Lmu -SAJs f.JNI-

SEGMENT

FIGURE 1.4 oWHO V Cr'C-POP

TOTAL AND AGED (50+ YEARS OLD) LOCK CHAMBERS
ON THE INLAND WATERWAY SYSTEM

37



40

30

21
15

10

5

I I I

1950 55 60 65 70 1975 80 85
YEAR

0, Total Barges (thousands) + Total # Tons (mHtions)

MISSISSIPPI -GIWW DRY CARGO BARGE FLEET
FLEET SIZE AND CAPACITY

FIGURE 1. 5

75

4

3

2

1950 55 60 65 70 1975 80 85

YEAR

0 Total # Tons (millions) + Total Barges (thousands)

FIGURE 1.6

MISS-GWW LIQUID CARGO BARGE FLEET
FLEET SIZE AND CAPACITY

38



3

2

0
1950 55 60 65 70 1975 80 85

YEAR
0Boats (thosans) Towti p (mtiom)

FIGURE 1.- 7

MISS-GWW TOWBOAT-TUGBOAT FLEET
FLEET SIZE ANO CAPACITY Q,vi-fp WJRqC-Tl.-R5

39



Chapter 2

INLAND WATERWAY TRAFFIC: HISTORIC TRENDS AND PROJECTIONS

INTRODUCTION

In 1986, a record 560 million tons of commerce were moved on the inland and intracoastal
waterway system. This tonnage was more than triple the level of traffic in the years
immediately following World War II. Most of the traffic is composed of liquid and dry bulk
commodities, such as petroleum and its products, coal, grain and other farm products, industrial
and agricultural chemicals, metal products, and sand, gravel and other nonmetallic minerals.

The inland waterways carry about half of the U.S. grain exports and one-fifth of the U.S.
coal exports. By moving large volumes of these commodities at a low unit cost per ton, the
waterway system helps to make our exports more price competitive. It also contributes to the
economies of many individual states and to the nation as a whole through providing jobs,
income and production.

In addition, the system would have vital importance during a military mobilization because
of its ability to move huge quantities of fuel, strategic materials, and military equipment.

The following sections present a discussion of historic inland waterway traffic through 1986
and projected tonnage through the year 2000. Significant developments by commodity and
waterway are highlighted. Historic traffic data are from the U.S. Army Corps of Engineers'
Waterborne Commerce Statistics Center (WCSC) in New Orleans. Projected traffic was
developed by IWR using trend analysis and economic sector growth indices from various
sources, including Data Resources (DRI), WEFA Group (formerly Wharton and Chase
Econometrics), U.S. Department of Agriculture (USDA), U.S. Department of Energy (DOE), and
trade associations. A detailed discussion of the forecasting methodology is provided in the
Appendix. The ten major commodity groups analyzed are:

1. Farm Products 2. Metallic Ores, Products and Scrap
3. Coal 4. Crude Petroleum
5. Nonmetallic Minerals/Products 6. Forest Products
7. Industrial Chemicals 8. Agricultural Chemicals
9. Petroleum Products 10. All Other

TOTAL TRAFFIC

Histitic

Total traffic on U.S. shallow draft inland and intracoastal waterways (defined here as
"internal" traffic) increased steadily after the end of World War II, at a robust average annual
growth rate of 4.2 percent, until the 1978-80 period. Figures 1 and 2 show total U.S. internal
traffic, historic and projected. A drop in waterway traffic occurred after 1980 due to a& .:u ~ l t ~ o f C . . . : - - I .. .4 : - -C T - . C 4- 4 i

Vi i4. 01toio, il.uuig a, ov,.Ir,, cconomic downtuJY Ain "- %_C .ItA . , XA

other countries, a substantial restructuring in basic manufacturing industries, increased energy
conservation, and reduced coal and grain exports. Renewed growth in traffic volumes began in
1984, stimulated by economic recovery and extremely low barge rates. The recovery in
waterway traffic faltered briefly in 1985 as coal and grain traffic fell, but 1986 and preliminfiry
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1987 statistics indicate that growth has resumed. The falling value of the U.S. dollar, lower
petroleum prices and agricultural support programs have stimulated domestic industrial activity
and increased farm exports.

Several important commodity groups comprise the vast majority of tonnage moving on the
inland waterways as can be seen in Figures 1 and 2.1 and Table 2.1. The major commodities
and their share of 1986 traffic are coal (29%); crude petroleum and petroleum products (27%);
nonmetallic minerals and products (13%); farm products (12%); and industrial and agricultural
chemicals (8%). A mixture of other commodities, including forest products, metallic ores,
products and scrap, and a variety of specialty cargos comprise the remainder.

Coal traffic has varied over the past decade from a low of less than 115 million tons in the
miners' strike year of 1978, to over 163 million tons in 1986, the highest level ever on the
inland waterways. Growth has been particularly dramatic since 1983 when economic recession
and reduced coal exports resulted in inland waterway coal traffic of less than 126 million tons.
The 1986 tonnage figures indicate an increase of 37 million tons, or nearly 30%, since that
year. This high growth rate has been induced by strong economic recovery since the recession,
coupled with extremely low barge rates in an industry beset with excess capacity. As a result,
the waterway's share of coal transportation has increased.

Farm products traffic on the inland waterways reached its peak at the national level in
1982, when over 85 million tons moved on the system, driven by rapid growth in U.S. grain
exports. These grain exports began to fall by 1983 due to the high value of the dollar,
increased competition from other nations, and intense European Economic Community (EEC)
subsidization of their farm sector which turned thc EEC from net importers into net exporters.
By 1986 farm products traffic on the inland waterways had fallen to 67.6 million tons, the
lowest level since 1979. However, the introduction of grain export subsidies to compete with
those of the EEC, the falling value of the U.S. dollar in general, and reduced crop yields in
some countries (USSR, China, India), have combined to stimulate grain exports in 1987. Wheat
exports have increased over 50% from 30 to about 45 million tons between 1986 and 1987.
Total wheat, corn and soybean exports have increased about 23% from 95 to 117 million tons.
Since much of this export grain and oilseed traffic moves on the inland waterways (historically
about 50%), 1987 statistics, when they become available, should show a significant upturn in
inland waterway farm products movements.

Waterway traffic in crude petroleum and petroleum products increased in 1986 to 43.9 and
107.5 million tons, respectively. Crude had peaked in 1978 at 50.5 million tols before failing
to a low of 34.7 million in 1982. While crude movements have grown each year since then,
the collapse of oil prices in 1986 and the ensuing fall in domestic production are expected to
blunt this trend. Inland waterway movements of petroleum products peaked in 1977 at nearly
128 million tons, but fell each year after that to a low of less than 99 million in 1983,
reflecting the combined effects of lower overall demand, increased conservation, the downturn in
the economy, and greater reliance on pip line transportation. While tonnage has grown since
then with the onset of economic recovery and diminishing returns from conservation efforts,
traffic in petroleum products is expected to grow slowly at best.

Chemical traffic on the inland waterways has generally grown since the recession period of
1982. Industrial chemicals have increased each year from 23.2 million tons in 1982 to a new
peak of 32.9 million tons in 1986. Agricultural chemicals, sensitive to fluctuations in the farm
sector, declined slightly in 1985. Otherwise this chemical group also increased every year since
1982, growing from 7.3 million tons to a record 12.8 million in 1986. The strong domestic
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economy and increasing exports for both chemical groups due to the weaker dollar should result
in continued growth.

Among other commodity groups on the inland waterways, forest products traffic rebounded
in 1986 to over 20 million tons, the highest level since 1980. Strong domestic and export
demand for lumber, pulp, paper and other wood products should sustain this growth trend. The
cyclical nonmetallic minerals and products group, sensitive to construction industry trends,
recorded tonnages over 75 million in 1985 and 1986--the highest levels since 1979. Metallic
ores, products and scrap, while below historic levels of the late 1970s, has recovered
impressively from a recession low of 8.2 million in 1982 to over 14.9 million in 1986.

PrQjections

As can be seen in Figure 2 and Table 2.2, total traffic on inland and intracoastal waterways
is projected to experience modest but steady growth under all growth rate assumptions. Yearly
fluctuations in response to current economic conditions and the volume of coal and grain
exports are, of course, inevitable. Recent projections do not reflect the optimism that was
evident in the high growth rates that were forecast iii the late 1970s and early 1980s, but they
do anticipate modest sustained growth through the year 2000. In Table 2.2, the sums of
individual commodity forecasts result in projected average annual growth rates for total traffic
ranging from 0.7% (low) to 1.5 (medium) and 2.1% (high). Forecasts for total internal
waterway traffic in 2000 range from a low of 620.1 million tons to a medium of 686.6 and a
high of 748.2 million tons.

The commodities with the highest forecasted growth rates are industrial and agricultural
chemicals, farm products and coal. These commodity groups are expected to grow at average
annual rates of 1.3 to 3.7%. The two chemical groups are xriven by both strong domestic and
export demand. From 1986 to 2000 industrial chemicals are projected to increase 20 to 53%;
while agricultural chemicals grow from 23 to 57%. Farm products traffic is forecast to grow
sharply in the near term due to higher exports, and then more slowly after the early 1990s,
ultimately increasing 40 to 66% by 2000. Coal traffic is expected to continue recent growth on
the waterways, particularly to meet increasing utility demands. Coal is expected to increase 30
to 55 percent by 2000.

Forest products traffic is expected to grow modestly over the period at an annual rate of 0.9
to 1.9 percent. Petroleum products are projected to remain nearly flat under low scenario
assumptions but grow at a moderate 0.7 to 1.2 percent under the medium and high scenarios,
respectively, as relatively low prices slow but steady increases in demand.

Traffic levels in metallic ores, products and scrap, nonmetallic minerals and products, crude
petroleum, and the "all other commodities" categories are forecast to be generally flat or
declining over the period, with average annual growth rates ranging from +1.2% to -3.3%.

WATERWAY SEGMENT TRAFFIC: HISTORIC AND PROJECTED

This review examined 16 portions of inland and intracoastal waterways contained within 9
major waterway segments. Each of these waterways is examined in detail in the Appendix.
Highlights of their historic and projected traffic are discussed below and depicted in Figures
2.2-2.17. Waterways exhibiting significant positive linear trends are shown with a 95 percent
statistical prediction interval about the historic data and projected to 2000. Actual projections
may fall outside these bands depending on fluctuations of major commodity groups. Historic
traffic for selected years between 1965-1986 on these segments and subsegments is shown in
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Table 2.3, while projected tonnages are in Table 2.4. The Ohio River (main stem), the Lower
and the Middle Mississippi, and the Gulf Intracoastal Waterway (GIWW) have historically
carried the highest volumes of waterbome commerce. These waterways are followed in tonnage
by the Upper Mississippi, the Illinois and the Tennessee rivers.

Upper Mississippi

Total tonnage climbed slightly on the Upper Mississippi River between 1985 and 1986 to
73.7 million tons (Figure 2.2). Continued low farm products traffic was only partially offset by
record high movements of coal, nonmetallic minerals and products, industrial chemicals, and
metallic ores, products and scrap. However, despite the increases for most commodity groups,
the lackluster performance of farm products traffic kept total Upper Mississippi tonnage well
below the peak years of 1983 and 1984. The upturn in U.S. grain exports in 1987 and 1988
have increased farm products movements on this waterway according to data collected by the
Lock Performance Monitoring System (PMS). Petroleum products traffic was at its highest
level since 1979. Crude petroleum continued a long decline, dropping to the lowest level since
1975.

Traffic projections for the Upper Mississippi are driven by recovery and growth in farm
products traffic in particular (53% of total), as well as increases in coal and industrial and
agricultural chemicals. Total traffic is projected to increase from 73.7 mst in 1986 to between
93.3 and 112.4 million tons by 2000. Farm products movements are forecast to continue to
grow, as U.S. grain exports recover world market share. Coal traffic is also projected to
continue to grow at a moderate rate in the future. Industrial and agricultural chemicals are both
expected to continue moderate growth rates.

Middle Mississippi a&. Missouri Rivers

The Middle Mississippi carried nearly 98 million tons in 1986, up by over 5 mst from
1985, but still below the high of 104 million ions in 1984 when farm products movements were
considerably stronger (Figure 2.3). Farm products movements peaked in 1983 at nearly 56
million tons (57% of total), before beginning a decline to 40.2 million tons in 1986 (41% of
total). The recovery in grain exports pushed 1987 tomages up considerably, based on PMS
data. Coal, the next largest commodity group, has generally been increasing since tile coal
miners' strike-year low of 8.6 million tons in 1978. Coal traffic reached 21.5 million tons in
1986 and this increasing coal tonnage has kept total waterway traffic from falling very much
even while grain traffic dropped.

Traffic on the M,issouri River reached nearly 7 million tons in 1986, the highest level since
1979, when grain movements peaked (Figure 2.4). The recent increases in tonnage are due to
nonmetallic minerals and products, which reached an all-time high in 1986 (64% of total).

Projections of traffic on the Middle Mississippi are for moderate growth from 98 million
tons in 1986 to between 120.3 and 144.8 million tons by 2000. Farm products and coal will
continue to be the dominant commodities. Farm products and coal are the driving forces in the
projections and account for most of the growth. Petroleum products show little or no growth.
Traffic in agricultural chemicals is projected to show considerable growth.

Missouri River projections are for slow growth during the remainder of the century,
increasing from 7 to 9.4 million tons under the high scenario. However, historic fluctuations on
this segment suggest traffic could also decline under low scenario assumptions to 6.2 million
tons by 2000. Traffic on this waterway is depressed by time high percentage of nonmetallic
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minerals and products. Farm products and agricultural chemicals are expected to show the most

growth on the Missouri by 2000.

Lower Mississippi and Arkansas Rivers

The Lower Mississippi carried over 156 million tons in 1986, a gain of 6 million over 1985
(Figure 2.5). The Lower Mississippi has sustained nearly steady traffic growth over the past
decade, increasing at an average annual rate of 2.6% since 1977. Tonnage is dominated by
farm products (36% in 1986), followed by coal (21%) and petroleum products (12%). Coal
tonnage has been growing continuously over the pst decade. Coal and industrial and
agricultural chemicals all reached record highs in 1986.

Tonnage on the Arkansas River also increased in 1986, growing to 8.4 million tons from
7.7 million in 1985 (Figure 2.6). Traffic on the Arkansas is mostly farm products, agricultural
chemicals and nomnetallic minerals and products. Petroleum products, 23% of total traffic
when it peaked at over 2 million tons ht 1977, has since declined to just under .85 million tons
in 1986.

Projections for the Lower Mississippi anticipate relatively strong growth through 2000 from
increases in farm products, industrial and agricultural chemicals, coal, and, under the high
scenario, petroleum products. Tonnage is forecast to increase from 156 million tons in 1986 to
between 189.5 and 234 million tons in 2000.

Tonnage on the Arkansas River is projected to grow from 8.4 million tons in 1986 to
between 9.6 and 15.5 million tons in 2000. Farm products, agricultural chemicals and
nonmetallic minerals and products continue to dominate traffic on the waterway. Agricultural
chemicals increase by 50% under the high scenario by 2000.

Illuiois Waterway

Traffic on the Illinois Waterway began to falter in the late 1970s and into the recession
years of the early 1980s as the traditional heavy industries of this region fell on hard times
(Figure 2.7). Increasing farm products traffic helped offset declines in coal, petroleum products,
metallic products and scrap, and industrial chemicals. Total tonnage in 1986 was 42.3 million
tons, up over 4 million from the previous year as traditional commodity groups began to
strengthen, although grain traffic fell to its lowest level since 1979.

Projections of traffic on the Illinois Waterway anticipate moderate growth through 2000.
Total tonnage is expected to increase from 42.3 million tons to between 50.1 and 60.1 million
tons by the turn of the century. Strong growth in farm products, coal, and industrial account
for most of the growth on the Illinois.

Ohio River System

The Ohio River System (the main stem and its navigable tributaries) has shown dramatic
traffic growth in recent years. passing 200 million tons in 1984 and over 222 million tons in
1986 (see Figure 2.8). This total tonnage figure is 30% higher than the recession year low of
171 million tons in 1983. Coal has generally accounted for 55-60% of total Ohio River System
traffic over the past decade, and an even higher percentage on some of the tributaries. Strong
growth has occurred on the main stem of the Ohio, up nearly 11% between 1985 and 1986, to
196 million tons. An even higher growth rate was evident on the tributary Kanawha, which
increased nearly 15% during the same one-year period from 14.6 to 16.8 million tons (75%
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coal). (See Figures 2.9 through 2.13 for historic and projected traffic on the Ohio and its
tributaries.) Other tributaries have also shown significant growth, including the Tennessee (up
8.5% from 36.5 to 39.6 million tons) and the Monongahela (up 2.7% from 28.8 to 29.5 million
tons). Record high traffic on the Cumberland in 1986 reflected a temporary diversion of traffic
around the Kentucky Lock on the Tennessee River while it was undergoing major rehabilitation;
however, 1985 statistics indicated continued recovery in tonnage on this waterway also.
Booming coal traffic serving the electric utility industry accounts for much of the traffic on the
Ohio River and its tributaries and this has created growth rates relatively higher than national
averages (an annual rate of 2.5% since 1977).

Projections of traffic on the Ohio River System reflect modest sustained growth under all
scenarios through 2000. Total traffic on the system is projected to increase from 222 million
tons in 1986 to between 266.8 and 327.0 million tons by 2000. On the main stem, traffic is
expected to increase from 196 million tons in 1986 to between 233.7 and 288.7 million tons by
2000. Coal continues to be the primary commodity and assumptions about the share of coal
traffic moving on the waterways drive the differences in tonnage between the low and high
scenarios.

Total tonnage on the Monongahela is expected to increase from the depressed level of 30
million tons in 1986 to between 43.1 and 56.2 million tons by 2000 (87% coal). Traffic on the
Kanawha is projected to grow from 17 million tons in 1986 to between 21.2 and 28.4 million
tons by 2000 (about 75% coal). Cumt,,rland River traffic is also forecast to have moderate
increases in total traffic, with coal and nonmetallic minerals comprising the largest commodity
shares. Total traffic is expected to increase from 14 million tons in 1985 to between 17 and
23.7 million tons by 2000. The Tennessee River is also forecast to show moderate growth
through 2000, driven mainly by coal, farm products and chemicals. Traffic on the Tennessee
has exhibited strong growth since the 1982-83 recession period, increasing from less than 26
million tons in 1982 to nearly 40 million tons in 1986--a record level. Tonnage is forecast to
increase to between 47.1 and 56.6 million tons by 2000.

Gulf Intracoastal Waterway

The Gulf Intracoastal Waterway ranked third in tonnage in 1986 after the Ohio and the
Lower Mississippi. The waterway reached nearly 106 million tons, the highest level since 1972
when the GIWW carried 109 million tons. This volume of traffic demonstrated a strong
recovery from the 1982 low of 82 million tons when oil shocks followed by recession had
taken a major toll in GIWW traffic (Figure 2.14). Petroleum products dominate GIWW traffic,
reaching a new high of 37 million tons in 1986 (35% of total). Crude petroleum tonnage
recovered to 1979 levels, while industrial chemicals continued a strong post-recession recovery.
Coal tonnage, while smaller than the other commodities, has exhibited steady growth and is
more than double its 1983 level.

Forecasts for the GIWW range from a slight decline in traffic under the low scenario (to
101.7 million tons in 2000) to moderate growth under the high projection (to 131 million tons
in 2000). This variation is due to the waterway's high proportion of crude petroleum and
petroleun products, commodities for which traffic projections can be particularly volatile. The
projections were adjusted to take into account the historic fluctuations in tiaffic volume. Crude
is projected to decline at varying rates u.er all scenarios, while products range from nearly flat
growth wider the low to modest growth under the high scenario. Moderate to strong growth is
projected for industrial chemicals and coal, driving growth under the high scenario. A more
detailed analysis of future movements on the GIWW will be conducted during preparation of
Regional Plans in 1989.
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Black Warrior/Tombigbee Waterway

Traffic on the Black Warrior/Tombigbee Waterway declined to 17.9 million tons in 1986
(see Figure 2.15) after a peak in 1984 at 19.6 million tons, a year when coal movements--the
dominant commodity--were also at record levels. Coal movements declined to the lowest level
since 1981, reflecting declining export traffic. The current growth commodity on the waterway
is forest products, which increased to 2.8 million tons in 1986. As recently as 1983, only
about 230 thousand tons of forest products were moving on the system, but the opening of a
new plant in Mobile has stimulated tremendous growth since then. Movements of metallic ores,
products and scrap for the steel industry collapsed between 1976 and 1982. Economic recovery
and the restructuring of the industry has resulted in a partial rebound of this traffic.

Projections of traffic on the Black Warrior/Tombigbee Waterway show moderate growth
through 2000 from higher coal movements after and small increases in forest products
movements. Total traffic is forecast to Figure 23 increase from 17.9 million tons in 1986 to
between 25.3 and 30.2 million tons by 2000. Coal traffic recovers strongly under high scenario
assumptions, generating most of the traffic growth. Recent rapid growth in forest products
movements quickly matures in the near term and grows more slowly in out years.

Atlantic Intracoastal Waterway

Traffic on the Atlantic Intracoastal Waterway (AIWW) grew significantly in 1986 to nearly
4.4 million tons, up from 3.1 million tons in 1985 to the highest level since 1979 (Figure 2.16).
Increases were due primarily to sharply higher, but localized, movements of agricultural
chemicals and nonmetallic minerals and products, particularly along the North Carolina coast.
Nonmetallic minerals and products and agricultural chemicals both achieved new highs in 1986.
Growth also occurred in industrial chemical and metallic ore, product and scrap movements,
while forest products continued a long term decline.

Projections of traffic on the AIWW anticipate continued strength in agricultural chemical
movements, dominated by localized movements of phosphate rock to Morehead City, N.C. for
both domestic use and export. Total traffic on the waterway is expected to increase from 4.4
million tons in 1986 to between 5.7 and 8.1 million tons in 2000. Of this total about 4 million
tons is projected to be agricultural chemicals. The projection envelope has been adjusted to
account for hist,.rIc ,:ide fluctuations on this waterway.

Columbia River

The Columbia River transported 14.1 million tons in internal (shallow draft) waterborne
commerce in 1986 (Figure 2.17). This was a small increase from the previous year and well
below the 1980 peak of 19.1 million tons. Lower farm and forest products movements account
for much of the decline in total tonnage since 1980. However, improvement in grain and log
exports from the Pacific Northwest are reflected in higher traffic levels at locks in 1987.

Projections for this waterway anticipate a recovery in traffic as movements of farm products
and forest products for export regain their former strength. Total Waiekiay waffa. i6 fulel.asi Wu
grow from 14.1 million tons in 1986 to between 17.3 and 24.7 million tons by 2000. Forest
products increase significantly by 2000, due to exports to the Far East market, but remain
below tonnages achieved in the mid-1970s. Farm products are projected to increase to levels
near or slightly above the traffic volume during peak grain export years of the early 1980s by
the year 2000.
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CONCLUSIONS

Total internal waterborne commerce in 1986 reached record levels and reflected the strength
and continued growth of the economy out of the recession years of the early 1980s. While the
recent recovery in grain exports will not be reflected until 1987 statistics are available, the
vigorous growth in coal, petroleum products, industrial and agricultural chemicals, and forest
products during 1986 indicate that inland waterway traffic has resumed its long term growth
trend. The nation's economic growth, combined with very low barge rates due to excess
capacity in the industry, attracted record volumes of traffic for coal in particular. Inland
waterways with a high proportion of coal traffic, such as the Ohio River and its tributaries,
consequently reflect much higher growth rates than some other waterways in 1986.

Projections of inland waterway traffic are tied to the general well being of the economy as
well as the changing fortunes of various commodity groups and to the competitiveness of the
barge industry. However, generally modest growth is expected across all waterways over the
next two decades, as evidenced by the 1.5% annual growth rate under the medium scenario.

Farm products traffic will increase sharply in the near term due to recent grain export
enhancement programs, particularly affecting traffic on the Illinois, the Missouri, the Arkansas,
and the full length of the Mississippi. Longer term projections for farm products traffic are
uncertain due to the policy element, but modest growth should continue through the turn of the
century due to the food demands of a growing world population.

Coal traffic is expected to experience only modest growth in the near term as several
nuclear power plants come on line, steel industry demand remains flat, and export demand faces
continued strong foreign competition. However, higher growth rates are likely after the early
1990s as the utility industry returns to coal to meet long term increases in demand. Coal
traffic, therefore, is likely to grow more slowly than it has in recent years, but will return to a
higher growth rate in the 1990s, affecting traffic on the Ohio River System, the Black War-
rior/Tombigbee, and Middle Mississippi and Illinois rivers in particular.

Probable declines in domestic petroleum production will result in a reduction in traffic in
crude petroleum and a slower growth rate for petroleum products, affecting total tonnages on
such waterways as the Gulf Intracoastal and the Lower Mississippi.

In general, however, all waterways benefit to some extent from renewed positive growth on
the inland and intracoastal waterway system.
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TABLE 2.1

U.S. INLAND WATERWAY TRAFFIC

TOTAL COMMODITY MOVEMENTS, 1975 - 1986

(MILLION TONS)

TOTAL TRAFFIC j 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

FARM PRODUCTS 46.1 57.5 55.3 61.5 63.9 74.7 78.1 85.3 84.7 80.0 70.6 67.6
METALLIC ORE/PROD/SCRAP 14.0 16.6 16.4 16.8 17.8 15.1 14.8 8.2 8.8 12.5 14.1 14.9
COAL 125.3 128.0 127.6 114.6 125.7 131.6 138.8 131.0 125.8 154.4 147.1 163.1
CRUDE PETROLEUM 47.6 47.5 48.6 50.5 47.2 41.6 35.3 34.7 35.5 38.7 40.9 43.9
NONMETALLIC MINRL/PROD 72.7 66.2 67.7 76.5 76.9 68.6 58.8 56.3 60.0 70.3 75.6 75.2
FOREST PRODUCTS 23.4 23.7 22.9 22.8 20.4 22.2 18.6 16.4 15.7 19.1 17.6 20.1
INDUSTRIAL CHEMICALS 23.8 26.0 26.4 27.3 29.6 28.1 27.0 23.2 25.3 29.0 29.6 32.9
AGRICULTURAL CHEMICALS 6.5 6.5 7.9 8.2 8.6 9.0 8.1 7.3 10.5 12.4 11.2 12.8
PETROLEUM PRODUCTS 109.5 120.9 127.9 126.3 118.7 116.7 111.1 101.9 98.9 103.5 100.4 107.5
ALL OTHER COMMODITIES 35.1 31.1 28.1 30.0 26.3 27.4 30.2 31.2 21.9 22.6 27.5 22.5

TOTAL 503.9 524.0 528.7 534.5 535.0 535.0 520.7 495.5 487.1 542.5 534.7 560.5

SOURCE: WATERBORNE COMMERCE OF THE UNITED STATES, ANNUAL

TABLE 2.2

U.S. INLAND WATERWAY TRAFFIC

PROJECTIONS OF TOTAL COMMODITY MOVEMENTS

(MILLIONS OF TONS)

I ACTUAL I 1990 1995 I 2000 ANN X TO 2000
TOTAL TRAFFIC I 1986 I LOW MEDIUM HIGH LOW MEDIUM HIGH LOW MEDIUM HIGH LOW MED HIGH

FARM PRODUCTS 67.6 81.6 83.1 86.9 87.9 93.1 99.3 94.7 102.3 112.0 2.4% 3.0% 3.7%
METALLIC ORE/PROD/SCRAP 14.9 14.1 15.2 17.2 13.8 14.7 17.0 13.5 13.9 17.0 -0.7% -0.5% 0.9%
COAL 163.1 175.9 180.2 184.8 193.2 204.0 216.0 212.3 231.1 252.5 1.9% 2.5% 3.2%
CRUDE PETROLEUM 43.9 35.4 37.2 39.7 28.8 33.7 37.0 26.3 32.7 34.5 -3.6% -2.1% -1.7%
NONMETALLIC MIN/PROD 75.2 69.9 76.0 77.5 68.3 77.9 79.9 69.4 79.9 81.9 -0.6% 0.4% 0.6%
FOREST PRODUCTS 20.1 20.6 21.2 24.4 21.4 23.3 24.8 22.7 24.9 26.1 0.9% 1.5% 1.9%
INDUSTRIAL CHEMICALS 32.9 33.3 34.7 35.7 36.2 39.9 42.4 39.4 45.8 50.3 1.3% 2.4% 3.1%
AGRICULTURAL CHEMICALS 12.8 12.3 12.9 14.4 14.2 15.0 17.2 15.7 17.4 20.1 1.5% 2.2% 3.3%
PETROLEUM PRODUCTS 107.5 107.6 113.0 116.8 108.3 115.4 122.2 108.7 117.8 127.1 0.1% 0.7% 1.2%
ALL OTHER COMMODITIES 22.5 22.0 23.2 24.9 19.5 21.9 25.8 17.4 20.8 26.7 -1.8% -0.6% 1.2%

TOTAL 560.5 572.7 596.7 622.3 591.6 638.9 681.6 620.1 686.6 748.2 0.7% 1.5% 2.1%

CALCULATED BY IWR, OCT 88, USING NAT'L GROWTH RATES ADAPTED FROM DRI, WEFA, USDA, DOE, FERT INST, IWR.
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TABLE 2.3

U.S. INLAND WATERWAY TRAFFIC
HISTORIC TRAFFIC BY SEGMENT, SELECTED YEARS, 1965-1986

(MILLION SHORT TONS)

SELECTED
WATERWAY SEGMENTS I 1965 1970 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

UPPER MISSISSIPPI 37.8 54.0 63.1 68.3 67.0 68.8 68.5 76.3 74.5 74.7 84.1 81.8 72.0 73.7
MIDDLE MISSISSIPPI 41.5 58.3 71.5 78.0 74.3 79.2 80.3 92.8 92.2 90.5 98.7 103.6 92.7 97.7

MISSOURI R. 7.7 7.5 6.2 6.6 6.7 7.9 7.7 5.9 5.3 4.9 6.3 6.4 6.5 7.0
LOWER MISSISSIPPI 59.8 85.9 108.6 121.7 123.8 135.0 136.9 146.2 149.2 143.1 148.1 156.6 149.9 156.2
ARKANSAS R. 1.3 4.0 5.2 6.5 9.1 9.9 8.4 8.5 7.7 7.8 7.6 8.5 7.7 8.4

ILLINOIS WATERWAY 29.0 36.6 45.8 45.3 42.8 39.8 37.8 44.1 39.7 41.6 43.0 39.2 38.1 42.3
OHIO RIVER SYSTEM* NA NA 171.4 178.1 178.6 177.6 194.8 179.3 181.9 174.0 171.2 202.2 203.9 222.2
OHIO R. - MAINSTEM 103.2 129.5 140.1 148.4 151.4 152.6 165.3 155.9 158.7 150.7 150.4 174.7 177.5 195.6
MONONGAHELA R. 38.8 42.2 37.3 36.5 34.4 31.7 38.2 34.3 32.1 28.8 26.5 34.5 28.8 29.5
KANAWHA R. 13.2 14.0 12.5 12.3 10.8 11.0 13.8 14.7 13.0 13.7 13.2 14.2 14.6 16.8
CUMBERLAND R. 3.0 5.6 11.9 11.3 12.8 12.4 15.2 12.3 10.4 11.4 11.5 14.1 14.2 22.9
TENNESSEE R. 17.4 25.5 28.3 26.3 26.6 31.6 31.4 29.4 26.0 25.5 28.0 33.2 36.5 39.6

GULF INTRACOASTAL W 78.5 100.1 96.4 98.6 104.3 101.4 96.6 94.1 89.9 81.9 83.8 92.4 101.3 105.7
BLK WARRIOR-TOMBIGBEE 7.8 11.1 12.8 14.7 15.3 14.6 15.3 16.7 16.0 15.2 14.7 19.6 18.9 17.9
ATLANTIC INTRACOASTAL 3.3 4.0 3.2 4.5 4.8 5.1 5.0 4.0 4.1 3.1 3.9 3.4 3.1 4.4
COLUMBIA R. 21.2 7.8 16.5 19.0 16.6 16.9 17.4 19.1 17.3 15.7 17.1 16.6 14.0 14.1

TOTAL 369.6 472.1 503.9 524.0 528.7 534.5 535.0 535.0 520.7 495.5 487.1 542.5 534.7 560.5

I_
SOURCE: WATERBORNE COMMERCE OF THE UNITED STATES, ANNUAL
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TABLE 2.4

U.S INTERNAL WATERWAY TRAFFIC PROJECTIONS

BY SEGMENT: LOW AND HIGH, 1990, 1995 AND 2000

(MILLIONS OF TONS)

SELECTED ACTUAL 1990 1 1995 2000 GROWTH RATE
WATERWAY SEGMENTS 1 1986 1 LOW IHIGH I LOW IHIGH I LOW IHIGH I LOW I HIGH

__________________________I _________I __III______

UPPER MISSISSIPPI 73.7 82.5 92.0 87.6 102.1 93.3 112.4 1.7% 3.1%

MIDDLE MISSISSIPPI 97.7 106.3 117.4 112.9 130.3 120.3 144.8 1.5% 2.9%

MISSOURI R. 7.0 6.8 7.6 6.5 8.5 6.2 9.4 -0.9% 2.1%
LOWER MISSISSIPPI 156.2 168.5 187.8 178.3 209.6 189.5 234.0 1.4% 2.9%

ARKANSAS R. 8.4 8.9 11.5 9.1 13.5 9.6 15.5 1.0% 4.5%
ILLINOIS WATERWAY 42.3 44.5 49.9 47.2 54.9 50.1 60.1 1.2% 2.5%

OHIO RIVER SYSTEM 222.2 232.3 254.2 248.2 288.1 266.8 327.0 1.3% 2.8%

OHIO R. - MAINSTEM 195.6 204.1 224.3 217.7 253.9 233.7 287.7 1.3% 2.8%

MONONGAHELA R. 29.5 38.5 42.1 40.5 48.6 43.1 56.2 2.7% 4.7%

KANAWHA R.* 16.8 18.1 21.4 19.5 24.6 21.2 28.4 1.7% 3.8%

CUMBERLAND R.* 14.2 15.7 18.0 16.2 20.8 17.0 23.7 1.2% 3.5%

TENNESSEE R. 39.6 41.3 44.4 44.0 50.1 47.1 56.6 1.2% 2.6%

GULF INTRACOASTAL WW 105.7 102.0 112.4 99.9 121.3 101.7 131.0 -0.3% 1.5%

BLK WARRIOR-TONBIGBEE 17.9 22.1 24.1 23.6 26.9 25.3 30.2 2.5% 3.8%

ATLANTIC INTRACOASTAL 4.4 4.7 5.2 5.2 6.5 5.7 8.1 1.9% 4.5%

COLUMBIA R. 14.1 15.8 21.5 16.4 22.6 17.3 24.7 1.5% 4.1%

US TOTAL INTERNAL 560.5 572.7 622.3 591.6 681.6 620.1 748.2 0.7% 2.1%

* KANAWHA TOTAL SHOWN IS 1986 DATA FROM WCSC. OHIO RIVER DIVISION ESTIMATES ACTUAL TONNAGE AT 18.2

MILLION. CUMBERLAND TOTAL SHOWN IS 1985 DATA. PRELIM. 1987 DATA FROM WCSC SHOW 16.1 MILLION TONS.

PROJECTIONS CALCULATED BY CEWRC-IWR USING:

1) NATIONAL GROWTH RATES BY COMMODITY GROUP ADAPTED FROM DRI, WEFA, USDA, DOE, IWR.
WATERWAY SEGMENT PROJECTIONS BASED ON AN AVERAGE SHARE OF COMM OITY TRAFFIC FROM NATIONAL

PROJECTIONS, WHICH VARIED BY WATERWAY DEPENDING ON HISTORIC PATTERNS AND COMMODITY GROUP.

PROJECTIONS ARE PRELIMINARY AND SUBJECT TO REVISION.

2) LINEAR ADJUSTED PROJECTIONS CALCULATED BY ADDING THE DIFFERENCE (POSITIVE OR NEGATIVE) BETWEEN THE
ORIGINAL BASE AND THE LINEAR ADJUSTED BASE TO EACH PROJECTED NUMBER. LINEAR ADJUSTED BASE IS 1986 CALCULATED

VALUE USING LINEAR TREND ANALYSIS FOR 1965-1986 DATA BY WATERWAY AND FOR THE NATIONAL TOTAL. ONLY SELECTED

WATERWAYS WERE CALCULATED BECAUSE OF A LACK OF DATA OR BECAUSE HISTORIC DATA EXHIBITED NO LINEAR RELATIONSHIP

OVER TIME.

3) TREND PROJECTIONS BASED ON LINEAR REGRESSION ANALYSIS OF TIME SERIES TONNAGES FROM 1965-1986, AND ARE ONLY

SHOWN FOR THOSE SEGMENTS WHICH DISPLAYED A LINEAR RELATIONSHIP OVER TIME.

4) FOR WATERWAYS WITH NONLINEAR HISTORIC DATA OR INCOMPLETE DATA, TWO STANDARD DEVIATIONS OF THE HISTORIC
DATA WERE CALCULATED. THIS RANGE WAS THEN APPLIED TO MEAN VALUES OF THE HIGH AND LOW PROJECTIONS TO GENERATE

NEW PROJECTIONS FOR THE YEAR 2000. INTERMEDIATE PROJECTIONS WERE THEN INTERPOLATED.

5) THESE WATERWAY PROJECTIONS ACCOUNT FOR THE MAXIMUM RANGE OF FORECASTS, LOW TO HIGH, CALCULATED BY USING

ALL OF THE ABOVE TECHNIQUES.
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FIGURE 2.1

U.S. INLAND WATERWAY TRAFFIC
PERCENT BY COMMODITY GROUP - 1986

TOTAL: 560 MILLION TONS
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FIGURE 2.2
SEGMENT NUMBER 1
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FIGURE 2.3
SEGMENT NUMBER 2

MIDDLE MISSISSIPPI RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.4
SEGMENT NUMBER 2

MISSOURI RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.5
SEGMENT NUMBER 3

LOWER MISSISSIPPI RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990. 1995 AND 2000
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FIGURE 2.6
SEGMENT NUMBER 3

ARKANSAS RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.7
SEGMENT NUMBER 4

ILLINOIS WATERWAY TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.8
SEGMENT NUMBER 5

OHIO RIVER SYSTEM
HISTORIC 1972-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.9
SEGMENT NUMBER 5

OHIO RIVER-MAINSTEM TRAFFIC
HISTORIC 19.65-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.10

SEGMENT NUMBER 5
MONONGAHELA RIVER TRAFFIC

HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.11

SEGMENT NUMBER 5
KANAWHA RIVER TRAFFIC

HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.12
SEGMENT NUMBER 5

CUMBERLAND RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.13

SEGMENT NUMBER 5
TENNESSEE RIVER TRAFFIC

HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.14
SEGMENT NUMBER 6

GULF INTRACOASTAL WATERWAY TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.15
SEGMENT NUMBER 7

BLACK WARRIOR/TOMBIGBEE WW TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE 2.16
SEGMENT NUMBER 8

ATLANTIC INTRACOASTAL WW TRAFFIC
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FIGURE 2.17
SEGMENT NUMBER 9

COLUMBIA RIVER TRAFFIC
HISTORIC 1967-1986 AND PROJECTED 1990, 1995 AND 2000
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Chapter 3

PERFORMANCE OF LOCKS

INTRODUCTION

The capability of a lock depends on many variables. Capacity is an estimate of the maximum
number of tons of cargo of a specified mix that may transit a lock in a given period of time
under normal operating conditions. The percentage of estimated capacity actually being used is
shown in Appendix A for the locks on the various parts of the inland waterways system. The
capacity estimates were reviewed by Corps districts in 1987; the difference between high and
low estimates can be substantial, depending on assumptions about the level of future traffic,
vessel operating practices, and lock operating conditions.

Age alone is not an adequate indicator of the condition of a lock, its problems, or its
performance. For that renson the Corps maintains the Performance Monitoring System, to
provide a number of performarn.e indicators. This chapter uses some of those indicators and
available data for the locks on the inland waterways system for the years 1980 through 1987, to
present 3ome basic relationships indicating the significance of problems of the system. In
addition, 1987 PMS data for the waterways system is summarized.

THE PMS SYSTEM

The Performance Monitoring System (PMS) was established by the Corps in 1975, to collect
and display data for over 250 lock chambers at some 190 locations. It provides a
comprehensive record of the arrival and processing ti.nes for all vessels using the locks on the
fuel-taxed system (216 chambers nt 167 locations). Data collection is by lock operating
personnel. The central data base is maintained by the Engineer Automation Support Activity
(EASA), and is used to produce periodic summaries of lock statistics issued by the Water
Resources Support Center. A large number of standard or special reports can be produced to
identify lock performance, and the nature of the vessel traffic and commodities handled.

PMS is useful for monitoring the efficiency of individual lock operations, and also for
comparing the performance of interacting locks to determine the problems and needs of the
waterway system. The second use is the focus of the Review. There are numerous lock
performance indicators that can be used for this purpose, such as wait time, processing time,
and stall or downtime frequency and duration. An extreme value of one of these indicators is
often evidence that a problem exists or may be developing. However, no one indicator is
conclusive. Rankings of locks based on various indicators may have the same population of
projects, but rarely the same rank order. Individual rankings may require qualification. For
example, a high utilization rate implies a lock is approaching capacity, but it may be due to
operating problems that can be cured without replacement. Accordingly, the purpose of this
section is to examine performance indicators to identify the combination of indicators that give
the most reliable indication of need.

PMS TERMINOLOGY

The PMS is a massive data base, with as many as 600 individuals involved in data collection.
A lockage may produce up to 80 different items of information. To cope with this flow of
information, many of the terms used in PMS are precisely defined in the PMS User Manual for
Data Collection and Editing (Manual 85-UM-1, August 1985) and other PMS publications.
Although the meaning of each term is generally self-evident, the use of the term may have very
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narrow application by the individuals directly involved with PMS data. Additionally, many
other terms are used in PMS publications without definitions, but they too have a precise
meaning for the individuals involved. Finally, in order to examine and analyze PMS indicators
herein, there was a need to redefine some terms, particularly when unique combinations of data
are used. To facilitate a common understanding of the subsequent -walyse-s, the following
subsections describe the sources and uses of key terms more fully.

Terms specifically defined in PMS glossaries or instructions include:

Delay Time (same as Wait Time) - The time elapsed from the arrival of a tow or single vessel
at a lock to the start of its approach to a lock chamber. Delay time for a queue of vessels or
tows is the cumulative total for all vessels and tows waiting.

Lo1kagg - The series of events required to transfer a vessel or tow (with all barges) through a
lock in a single direction. More than one vessel can be processed during one lockage, and a
tow may require several cycles to be completely processed.

Pcessing Time - Time to completely process a vessel through a lock, from start of lockage
(SOL) to end of lockage (EOL). It is composed of lock processing time (dependent on lock
operation) and vessel processing time (dependent on vessel operation).

&tal - An occurrence which stops lock operation (due to either a lock malfunction, weather
conditions, a vessel problem, or seasonal or part-time lock operations). Stalls during idle time
are still accounted for as stalls.

Transit Time - Time required for a vessel to transit a lock including waiting or delay time and
processing time excluding stalls.

Terms used in PMS data entry or repon forms but otherwise undefined include:

Lock Utilization Time/Rate - Utilization time is a derived number based on the total operating
time (vessel and lock processing time and open pass operation) entered into the data base via
individual lockage records. The utilization rate is the percentage produced by dividing total
operating time by the total time in the reporting period (usually monthly).

Idle Time - This is the interval between lockages when the lock or chamber is available for
service. It is a derived number produced by subtracting all stall time (including stall time that
occurs when no vessels are awaiting lockage) and total operating or utilization time for the
reporting period, from total chronological time in the period.

Available Time - This is the amount of time in a reporting period that a lock chamber is in
service, operating and idle. This number is derived by subtracting all stall time from total
chronological time.

Note: The PMS data accounts for all chronological time at a lock chamber with three basic
catagories: utilization or operating time, idle time, and stall time. Stall time data is coded to
identify the general and specific reason for interruption of service, and can be retrieved
selectively based on those codes. Major subdivisions are: weather conditions, water or surface
conditions, tow conditions, lock conditions, and other.

Terms used herein, including Appendix A, are explained in the following section. Briefly, their
specific meanings for the purposes of this Review are as follows:
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Delay Time - The combination of wait time plus stall time (as defined in PMS).

Processing Time - The combination of wait, stall, and processing time (as defined in PMS).

Downtim - Stall time (as defined by PMS).

Lock Utilization Time - Total chronological time less idle time.

RELEVANT LOCK PERFORMANCE INDICATORS

For the commercial waterway operator, time is literally money. Except for extraordinary
circumstances such as low water, the time a tow spends underway in channels converts directly
to ton-miles. The time spent at locks is expense, regardless of whether it is waiting, lock
processing, or stall time. A generalized number for converting that time to expense is $700.00
per hour per tow. The time and related expense is a prime concern of the vessel operator.
The purpose of the PMS statistics herein is to identify the components of that time and their
interaction.

Because time is money, it has attraction as a device to identify priorities for improvements
to the inland waterways system. Absent any other numbers, delay time and lock processing
time can give some indication of the benefits foregone by delaying improvement projects. That
could be an answer to the question raised by the Inland Waterways Users Board, but there are
important caveats. Performance indicators have to be understood, interpreted and evaluated, and
for that purpose the accompanying analysis is just a start. The definitive answer as to costs,
benefits, or benefits foregone, is the lock-specific feasibility study. Consistent with those
limitations, the focus of this section is to make PMS statistics as useful as possible.

Because of the large number of locks and individual indicators, it was desirable to combine
related indicators to facilitate analysis and simplify the display of data in this Review and
Appendix A. Therefore another caveat is necessary. Some of the numbers shown or used
represent unique combinations of PMS data, and/or have been given unique names to
distinguish their use herein. The point was to create a hierarchy of times that account for all
of the time spent by a vessel or tow at a lock, in combinations most relevant for the vessel
operator. A brief explanation of the data and terms used for that purpose is as follows:

Processing Time. This is a unique term as used herein, for a unique combination of lockage or
lock processing time and a combination of wait and stall time called "delay time". It represents
the total time spent by a vessel or tow at a lock, and is shown as average processing time for
individual locks in Appendix A (Performance Characteristics, Table 2, Part A). This total
accounts for vessel time, and has some usefulness in screening to identify problem locks.
Inspection of its component parts is needed in order to identify the reasons for variation.

Lockage. This is defined as processing time in PMS manuals, and is shown as an average
lock-specific time in Appendix A. It is an indicator of the technological obsolescence of a
lock, in that older less efficient locks take longer for a hardware cycle than newer, more
efficient locks. Extreme values may indicate lock dimensions are no longer adequate for
current tow configurations. For any one lock this time is relatively constant because it depends
on lock machinery and the number of cycles required to process the tows usually handled.
Lock reliability is reflected in stall or downtime, and to focus on those factors lockage is not
otherwise analyzed in this Review.
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Delay Time. This is a unique term used herein for the combination of wait and stall time.
Delay time is shown as both average time and total time in the lock-specific statistics in
Appendix A. The relationship of delay time to lock utilization, stalls and stall time is analyzed
later in this chapter. Wait time reflects queuing which depends on the level of traffic and lock
capacity. Stall time represents interruptions due to lock and other conditions. Individually and
collectively these times vary more than lockage time at any one lock. Collectively they can be
considered non-productive time by the vessel operator. For that reason and economy of
analysis, they are combined in the following analyses.

The average delay times shown in Appendix A are based on total delay hours divided by the
total number of discreet vessels and tows processed at the various locks. An alternate measure
of delay is to divide total delay only by the number of vessels and tows that actually
experienced delay. In most cases the alternate calculation will produce a higher average delay.
The average delay times shown are a combination of wait and stall time, and it was impractical
to perform the alternate calculation to determine if this produced a significant difference.

Downtime. This is a unique term used herein for stall time. For display in Appendix A, its
several causes or component parts have been consolidated into three categories: lock, natural,
and tow and other conditions. The appendix shows both total hours and number of occurrences
for lock-specific downtime or stalls (Table 2, Part B). Both measures are also used in the
analyses that follow.

Utilizalion Rate. Similar to the total time spent by vessels at locks, there are performance
indicators that collectively account for all the time of a lock. The utilization time defined in
PMS accounts for operation or lockage time only. For the analyses in this Review a unique
combination is used that accounts for stall time also, and gives an indication of residual
capacity. Because this is a derived number, data entry errors can overstate utilization,
particularly where multiple lock chambers or multiple lockages are involved. To minimize
overstatement of utilization, the number was derived by subtracting idle time from total
chronological time. In a few cases the unrealistic remainder was rounded down to 100 percent.
The resulting utilization rates used in the following analyses are shown in Appendix A, Table 2,
Part A.

The preceding combinations of PMS data demonstrate that many new and potentially useful
combinations of data are possible. Also that an explicit description of the new combination is
required because PMS has so many data elements and different users. Unless specifically stated
otherwise in this and future Reviews, PMS data displayed or used will be in accordance with
PMS definitions.

LOCK PERFORMANCE ANALYSES

The identification of problem locks with PMS is a preliminary to more useful analyses.
Performance indicators can be used to determine the direction of Corps planning efforts, and
ultimately that process can provide definitive analyses for investment decisions. In the interim,
the indicators can provide a preliminary way to measure and predict the impact of the problem.
That interim use is explored in ihe following analyses. It focuses on delay cost and its causes
because they are a prime concern of waterway users. The following caveats should be noted:

First. Common wisdom is that wait time will increase exponentially as a lock approaches
capacity. This notion is supported by data that indicate the relationship is lock specific and
dependent on variable conditions. The point of the analyses is to identify the basic relationship,
and for that purpose either an average lock or peak values are used. The relationships derived
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from analyses are depicted as linear, although this is not true. The linearity is a simplifying
assumption because the objective was to identify the relationship, not define it precisely. The
precise curve will change as conditions change, and the effort required to determine the best fit
with existing data wasn't justified. In brief, the relationship is shown as linear because that
was the equation the computer was requested to produce.

Second. Lock utilization has been used as a proxy for lock capacity. Although the two
measures are not identical, the utilization rate generally can be expected to correlate closely
with the percentage of capacity used. Either measure has certain limitations. Lock capacity
estimates are lock-specific and dependent on several assumed variables. Utilization rates reflect
the actual mix of traffic, conditions, and other variables at a specific lock, hence the unutilized
or idle time can be a good indication of residual capacity. However, the utilization rate as used
herein does not distinguish between processing time and stall time. A high utilization rate may
reflect high traffic levels or excessive downtime.

Delay and Lock Utilization. Figure 3.1 shows the average total annual delay time (all locks)
and peak lock delay time for the years 1980 through 1987. (The peak lock was L&D 26
Upper Mississippi in 1980 and 1982, the Inner Harbor Lock at New Orleans all other years.)
Because the peak locks account for a significant amount of total and average delay time, the
delay-utilization relationship has been calculated two ways: based on the average of all locks,
and based on the peak delays of all locks. A by-product of the first calculation is an indication
of ambient or natural level of delay. The second calculation identifies the relationship at
critical levels of utilization.

Figure 3.2 shows the relationship between delay time in thousands of hours per year and the
percentage of lock utilization for the average lock for 1980-87. As expected, delay time
increases as the percentage of utilization increases. The relationships shown are based oni
annual data from each lock in the PMS data base. The relationships represent an average for
the entire system rather than the actual delay for any one lock. Specific locks with a given
percentage of utilization may have more or less delay.

Figure 3.2 provides two specific pieces of useful information. First, an estimate of the
actual delay time associated with a level of utilization can be obtained. For example, in 1986 a
60 percent utilization rate resulted in an average of 5,000 hours of delay. In 1984 there were
8,000 hours of delay with the same utilization rate. Second, the slope of the lines reveals how
much delay increases for an increment increase in utilization. In 1980, every one percent
increase in percentage of utilization resulted, on average, in a 72-hour increase in delays. For
the years 1981 through 1987, respectively, a one percent increase in utilization resulted in
average delay increases of 104, 36, 146, 134, 61, 47 and 324 hours. The extremely high rate
for 1987 may reflect the fact that 1987 data are not yet complete. Errors may exist in the
current 1987 data base.

Figure 3.2 also shows (neglecting 1987) that "natural" levels of delay at zero or low levels
of lock utilization range from 0 to 2,500 hours per lock on average. At full utilization levels
the range in delay is from about 5,500 hours to 13,000 hours per lock. In general, an
individual lock that has more delay at a given percentage of utilization than the average is
performing worse than a lock with less than average delay.

Figure 3.3 provides a single benchmark for summarizing system performance in terms of
delay and utilization by isolating the peak year values shown in Figure 28. There are numerous
options for summarizing the average lock performance through the 1980s. The relationship
shown in Figure 3.3 is based on the delay observed during each lock's highest utilization
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percentage in the 1980s. For example, the data entry for one lock may be from 1982, for
another 1986, because they are the years over the period 1980 to 1987 during which utilization
peaked at those particular locks. Figure 29 shows that a one percent increase in utilization for
an average lock during the 1980s results in an additional 109 hours of delay per lock. A ten
percent increase in utilization results in 1,090 hours of delay, etc. Comparing individual years
to this 1980s average, 1983, 1984 and 1987 had higher levels of delay than other years.

To the extent that percentage of utilization reflects trends in percentage of capacity
operation, we can see that the costs of delay can increase significantly as a lock approaches
capacity operation. Using an assumed delay cost of $700 per hour for illustration purposes
only, a one percent increase in utilization would on average cost about $75,000 per lock. A
ten percent increase would cost $750,000. Over time these cumulative costs add up rapidly. It
is worth recalling that these are average relationships and they could be much worse at problem
locks.

Delay and Stalls. The causes of stalls have been grouped into three categories: lock
conditions, natural conditions, and other conditions. Lock condition stalls occur because of
equipment malfunction, testing and maintenance, debris in the chamber, or unavailable lock
personnel. The frequency and duration of these types of stalls are, in theory, correctable.
Rehabilitation or replacement of a lock with much lock-related downtime would presumably
result in less equipment malfunction and less need for testing and maintenance.

Natural condition stalls include weather and water surface conditions. These stalls, for the
most part cannot be affected by waterway reinvestment. There are, however, cases where an
improved approach wall alignment or other structural change could mitigate the effect of some
natural conditions. Other conditions that can cause stalls include tow malfunction or
interference, collisions or accidents, and other unspecified causes. These causes are also, in
general, less subject to control through policy choices.

Lock performance can be affected by two dimensions of the downtime problem. First, the
frequency with which a lock is out of service is important to users. To measure this dimension
we use the number of stall events regardless of their duration. The second dimension is the
duration of a stall. Very long stalls allow shippers the option of shipping by other modes if
the stall is anticipated, such as scheduled maintenance, or its duration can be reasonably
forecast, such as a flood or ice jam. Very short duration stalls may be little more than a
nuisance. At present we use the total downtime per year as a measure of the duration of stall
events.

Figure 3.4 shows the relationship between delay time in tens of thousands of hours and the
number of stalls for an average lock. All years show that delay time increases with the number
of stalls. Because most stall occurrences are subject to chance it is reasonable to expect that
vessel trip time will likewise be affected. If stall occurrences were perfectly known schedules
could be adjusted to eliminate or at least minimize their effects. Because they are not known,
substantial effects can be observed.

"Nal"f nlec s of delay obselved with no stalls are consistent with those shown in the
section above through the 1980s. At a level of 400 stalls per year (again neglecting 1987)
delay ranges from 36,000 to 57,000 hours on average. Few locks have experienced such large
numbers of delays and this figure is more relevant in the range of stalls from 0 to 100.

The slopes of the lines again provide some useful information. In 1980 one additional stall

event caused 119 hours of additional delay on average. Delays for the years 1981 through 1987
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for one more stall caused additional delay of 99, 109, 146, 105, 91, 110, and 22 hours,
respectively.

Figure 3.5 shows the relationship between the number of stalls and delay time for the peak
years of each lock as described in the previous section. This 1980's average indicates that one
more stall caused an additional 111 hours of delay time on average. Compared to this average,
1980 and 1982 were worse than average years for delays related to the number of stalls.

Figure 3.6 shows the relationship between the duration of stalls, measured as the number of
hours the lock is closed per year, and delay during the 1980s. From 1980 through 1984 delay
decreases as the duration of stall times increases. From 1985 through 1987 delay time increases
with the duration of stalls. Not much can be made of these results unless a more detailed
analysis is undertaken to discover the specific reasons for the downtime.

Figure 3.7 shows the peak year relationship between duration of stall and delay. In this
case one more hour of stall time resulted in an additional 11 hours of delay.

In summary, this analysis shows that the frequency of stall occurrences contributes more to
delay than does the duration of the stall. Based on the preceding analysis, a one percent
reduction in lock utilization or downtime will save about 109 hours of delay time.
Improvement in lock reliability (i.e. fewer and shorter stalls) effected through rehabilitation and
maintenance programs, can reduce delay time significantly; 111 hours per stall event and 11
hours per stall hour, based on the 1980's data. These estimates are for average situations. It
must be kept in mind that specific locks may have circumstances significantly different from the
average.

1987 LOCK PERFORMANCE

The preceding analyses demonstrate some uses of performance indicators. This section
presents a summary of 1987 PMS data. The data for locks on the fuel-taxed waterway system
are shown in Appendix A (Performance Characteristics, Table 2, Parts A and B) and include
peak year values of key indicators in the 1980-87 period for individual locks. A consolidated
listing of the locks showing certain key 1987 indicators is presented in Table 3.1. The
indicators shown on that listing have been used to produce rankings of the locks based on
average delay time, average processing time, total delay time, total downtime, total stall events,
and utilization percentage, that are shown in Tables 3-8 in the Review Overview.

Table 3.1 shows 1987 data not available (N.A.) for many locks. In almost all cases, the
problem is data were incomplete. Complete data were available for 112 locks. In most years,
(1980-86) complete data were available for about 165 locks. Because of the missing data, the
figures in this section are labeled "for selected locks". The rankings of locks based on key
indicators are presented in the Overview in order to identify "problem locks" and provide a
reference for the discussion of the Corps waterways improvement program.

The following summaries are related to key performance indicators. They are supplemented
with figures showing the distribution of indicator values. As noted in the preceding analysis
section, certain "problem" locks with extreme values have a significant effct oi tihe averages.
Accordingly, most distributions are shown twice; with and without the extreme value locks.

Delay Time. For the 112 locks for which 1987 data are available, the mean of all average
delays is 73 minutes, the median average delay is 27. Eighty percent of the locks have average
delays less than 120 minutes. Figures 3.8 and 3.9 show the distribution of average delay times
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for 1987. Figure 3.8 shows the delay for all available locks while Figure 3.9 shows the
distribution for locks with delays less than 200 minutes in greater detail.

Average total delay for all locks in 1987 was 5636.70 hours. The median total delay was
much less at 1,349 hours. Figures 3.10 and 3.11 show the distribution of total delays for all
locks, and those with delays less than 10,000 hours, respectively.

Processing Time. Average processing time for all the locks in 1987 was 134.24 minutes,
the median was 90 minutes. Eighty percent of all lockages were processed in less than 200
minutes. Figures 3.12 and 3.13 show distributions of average processing time for all locks and
for locks with average processing times less than 400 minutes. Average processing time,
displays a high correlation with average delay time as expected. Lock and Dam 20 on the
Mississippi River is the lock witz the longest processing time for locks on major waterways.
Major rehabilitation was initiated at L&D 20 in 1986.

Downtime. Average downtime for all locks was 323.67 hours. Median downtime was 65
hours. Fourteen locks had no downtime, almost seventy-five percent had less than 240 hours.
The extremely high downtimes for the top 16 locks creates a high mean. In fact, almost half
the locks had less than 60 hours of delay. Figures 3.14 and 3.15 show the distribution of
downtime for all locks, and for locks with less than 2,000 hours of downtime, respectively.
Montgomery Lock and Dam, with the peak 1989 downtime of 6652 hours, was out of service
for about 75 percent of the year.

The average number of stall events per lock was 70.79 in 1987. The median was 20
events. Seventy-five percent had 70 or less events. Figures 3.16 and 3.17 show the
distribution of stall events for all locks and for those with less than 100 events.

The correlation between total downtime and the number of stall events, shown in Table 3.1,
is not as great as one might expect. Montgomery and Port Allen, numbers I and 3 in total
downtime, are numbers 17 and 18 in the number of stalls. Lockport with 860 stalls in 1987, is
22nd in total downtime. The simple explanation for this is that locks with the most downtime
tended to have stalls of longer than average duration. Montgomery, for example, had stalls
with an average duration of nearly 47 hours while Lockport stalls lasted an average of about 15
minutes.

Utilization rate. The 1987 average utilization rate was 39 percent. The median was slightly
higher at 43 percent. About 70 percent of all locks had utilization rates of 50 or below.
Figure 3.8 shows the distribution of utilization rates. Inner Harbor Lock on the Gulf
Intracoastal Waterway is essentially fully utilized. A utili7ation rate of 100 percent or greater is
a logical impossibility however, and reflects a data error.

RECREATIONAL USE OF LOCKS

Recreational use of waterways is generally compatible with commercial navigation. Any
competition in use is likely to be at locks when queuing occurs. Because the recreation craft
are fragile compared to commercial vessels, separate lockages are often required, and there are
in effect two queues. Because of the growing number of recreational craft and their increasing
use for cruising instead of sedentary fishing, the competition at locks is expected to increase.
Historically, the question of priority of use has been handled to the satisfaction of both parties
by the good judgement of the lockmaster. One solution has been to give priority to a
recreational lockage after three priority commercial lockages. There is a perceived need for
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more concrete solutions to the potential or actual problem. The immediate problem is the need
for a good way to predict and measure the impact of recreational use of locks.

Table 3.2 shows the extent of recreational usage of locks for selected locks in 1986.
Utilization rates are presented to put overall usage in proper context. One measure presented is
recreational lockages (lockages containing only recreational vessels) as a percent of total
lockages in the third quarter of 1986. The measure is based only on July, August and
September waterway traffic because recreational traffic tends to be seasonal. A year-round
measure disguises the magnitude of the problem at specific locks. A second measure is the
recreational utilization rate obtained by multiplying the utilization rate by the percent of
recreational lockages. This is done for the main chamber only. Because recreational craft can
enter and exit locks much more repidly than commercial vessels, this utilization rate may
overstate actual impact significantly.

Recreational lockages as a percent of all lockages are often very high for the auxiliary
chamber and low for the main chamber as is the case for many Ohio River locks. In such
cases serious congestion problems could result if the services of the auxiliary chamber are lost
for any period of time.

The percent of recreational lockages can also be misleading. For example, Watts Bar on
the Tennessee River, where recreation comprises 60 percent of all lockages, a potential problem
for commercial navigation. When the low utilization rate of 17 percent is taken into account,
however, it is apparent that the lock is relatively underutilized and it is no longer obvious that
recreation presents a problem to commercial navigation.

The recreation utilization rate combines the information in the first two columns of Table
3.2 into a measure that more fully characterizes the potential problem presented by recreation
traffic. By this measure, the heaviest recreation use relative to overall traffic levels is on the
Upper Mississippi, the Illinois and the Tennessee Rivers.

About half of all lockages on the Upper Mississippi River above Lock and Dam 13 are
recreational. Likewise, locks on the Lower Mississippi and Arkansas Rivers have usage greater
than 50 percent. On the Ohio River the vast majority of traffic through the auxiliary locks is
recreational. The Tennessee river has substantial amounts of recreational traffic.

Further study to better understand the problems presented by recreational usage of the
inland waterway locks and dams is warranted.

68



TABLE 3.1

PERFORMANCE MONITORING SYSTEM - SELECTED INDICATORS

1987 PMS DATA FOR WATERWAY SYSTEM LOCKS
(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

AVERAGE AVERAGE TOTAL TOTAL TOTAL LOCK LOCK

SEGMENT NUMBER & NAME DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFFIC

LOCK NAME & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS

(MIN) (MIN) (HRS) (HRS) (0) (X) OF TONS

#1 UPPER MISSISSIPPI

U St Anthy Fts(M!ss) 2 25 25 8 22 15 0.8

L St Anthy FIs(iss) 4 33 82 16 39 20 1.3

No. I (Upper Miss) (2) 2 35 49 3 o 62 1.3

No. 2 (Upper Miss) 35 106 802 28 1 41 10.4

No. 3 (Upper Miss) (2) 27 95 609 13 4 41 10.5

No. 4 (Upper Miss) 24 94 540 2 1 44 11.0

No. 5 (Upper Miss) 24 94 545 0 0 43 11.0

No. 5a (Upper Miss) (2) 19 82 417 3 2 42 11.2
No. 6 (Upper Miss) (2) 28 102 647 1 1 45 12.6

No. 7 (Upper Miss) (2) 31 102 722 4 3 47 12.6

No. 8 (Upper Miss) (2) 32 109 719 3 3 45 13.1

No. 9 (Upper Miss) (2) 31 111 695 13 3 44 14.0

No. 10 (Upper Miss) 29 93 855 0 0 43 15.5

No. 11 (Upper Miss) 49 122 1516 30 5 49 15.8

No. 12 (Upper Miss) 60 123 2519 19 39 46 19.3

No. 13 (Upper Miss) 79 138 3491 49 14 45 19.4

No. 14 (Upper Miss) (2) 78 146 3969 79 35 60 24.4

No. 15 (Upper Miss) 121 188 8288 389 554 46 25.2

No. 16 (Upper Miss 216 294 11256 158 63 53 27.2

No. 17 (Upper Miss) 334 420 15981 62 17 58 29.2

No. 18 (Upper Viss) 111 193 5385 513 79 52 29.8

No. 19 (Upper Miss) (2) 45 107 2226 146 72 43 31.2

No. 20 (Upper Miss) (2) 867 961 46030 244 148 76 31.9

No. 21 (Upper Miss) (2) 135 218 7%64 692 42 52 33.4

No. 22 (Upper Miss) (2) 204 300 11132 105 28 64 34.2

No. 24 (Upper Miss) 246 335 13328 62 210 63 35.3

No. 25 (Upper Miss) 231 315 12285 141 78 61 35.3

LLD 26 (Upper Miss) (1) 465 552 56165 377 562 97 69.3

#2 MIDDLE MISSISSIPPI

LWD 27 (Upper Miss) 49 88 9125 246 85 62 78.0

Kaskaskia 58 83 289 1558 6 11 3.1

93 LOWER MISSISSIPPI

Norrelt (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

LLD 2 (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

LA 3 (Ark) N.A. M.A. W.A. M.A. N.A. N.A. M.A.
LWD 4 (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
LLD 5 (Ark) N.A. N.A. N.A. N.A. R.A. N.A. N.A.
David Terry (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Murray (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 3.1 continued

PERFORMANCE MONITORING SYSTEM - SELECTED INDICATORS

1987 PMS DATA FOR WATERWAY SYSTEM LOCKS
(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

AVERAGE AVERAGE TOTAL TOTAL TOTAL LOCK LOCK
SGMENT NUMBER & NAME DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFFIC

LOCK NAME & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS
(MIN) (MIN) (HRS) (HRS) () ) (7.) OF TONS

13 continued
Toad Suck (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Ormond (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Dardanelle (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Ozark (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
L&D 13 (Ark) N.A. N.A, N.A. N.A. N.A. N.A. N.A.
W. D. Mayo (Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Robert S. Kerr(Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Webbers Falls(Ark) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Chouteau (Verd.R.) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Newt Graham(Verd.R.) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Jonesville(Ouachita) N.A. N.A. N.A, N.A. N.A. N.A. N.A,
Columbia (Ouachita) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Felsenthal (Ouachita) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
H K Thatcher (Ouachita) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
L&I) I (Red) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Overton (Red)(U/C) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
L&D 3 (Red)(U/C) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Old River(Atchaflya) 27 63 1349 179 53 28 8.0

14 ILLINOIS WATERWAY
LaGrange (Ill) (2) 295 371 15384 230 119 54 30.3
Peoria (Ill) (2) 125 18 6947 155 108 49 26.4
Starved Rock (Ill) (2) 44 111 2116 31 58 45 19.3
Marseilles (Ill) (2) 75 157 3527 88 156 52 17.6
Dresden Island (Il) (2) 44 112 2170 39 35 46 16.7
Brandon Road (Ill) (2) 56 121 3250 123 114 48 14.4
Lockport (Ill) (2) 127 198 7259 336 860 52 13.9
T.J. O'Brien (Ill) 4 38 173 6 6 34 6.8
#5 OHIO RIVER SYSTEM

Easworth (Ohio) (2)(3) 25 80 1730 118 14 63 20.4
Dashields (Ohio) (2)(3) 30 91 1965 74 20 57 21.7
Montgomery (Ohio) (2)(3) 104 157 7383 6652 142 N.A. 23.0
New Cumberland(Ohio) 12 68 634 31 9 50 28.2
Pike Island (Ohio) 11 61 621 221 11 44 34.0
Hannibal (Ohio) 12 65 605 769 57 33 N.A.
Willow Island (Ohio) 10 60 3540 65 6 0 28,7
Belleville (Ohio) 9 61 467 8 6 19 30.6
Racine (Ohio) 18 71 1631 1008 41 17 31.6
Gallipolis (Ohio) (1) 291 392 20608 1141 200 43 34.5
Greenup (Ohio) 19 67 1469 0 0 25 42.1

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 3.1 continued

PERFORMANCE MONITORING SYSTEM - SELECTED INDICATORS

1987 PMS DATA FOR WATERWAY SYSTEM LOCKS

(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

AVERAGE AVERAGE TOTAL TOTAL TOTAL LOCK LOCK

SEGMENT NUMBER & NAME DELAY PROCESS DELAY STALL STALL UTILIZ. TRAFFIC

LOCK NAME & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS

(01N) (MIN) (HRS) (MRS) (f) (X) OF TONS

#5 continued

Meldahl (Ohio) 200 269 14387 3235 63 45 46.3

Markland (Ohio) 32 87 2509 552 50 21 53.9

McAlpine (Ohio) (3) 296 356 26186 287 119 65 55.9

Cannelton (Ohio) 56 113 4914 59 54 32 61.0

Newburgh (Ohio) 24 71 2740 59 230 36 69.7

Unlontown (Ohio) 31 76 3528 178 52 34 77.6

Smithland (Ohio) 6 55 791 328 137 37 87.2

LD 52 (Ohio) (1)(2) 169 216 27523 1834 185 59 N.A.

LD 53 (Ohio) (1)(2) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

LD 2 (Non) (3) 15 59 1065 981 12 53 17.7

LD 3 (Mon) (2)(3) 16 50 1675 51 3 59 19.9

LD 4 (Non) (3) 22 69 1720 55 7 55 17.7

Maxwell (Non) 2 37 249 1301 9 53 16.3

10 7 (Non) (1) 39 92 3317 48 17 59 1i,.3

LAD 8 (Mon) (1) 21 69 1553 60 4 48 12.2

Morgantown (Mon) 2 29 41 10 5 10 3.2

Hildebrand (Non) 1 33 6 0 0 5 1.7

Opekiska(Mon) 2 29 10 0 0 4 0.7

LWD 2 (Allegheny) 9 33 256 146 7 26 2.6

LWD 3 (Allegheny) 8 36 255 9 3 23 2.6

LWD 4 (Allegheny) 3 28 73 0 0 17 1.5

LLD 5 (Allegheny) 1 24 14 99 3 8 0.7

LAD 6 (Allegheny) 1 23 6 0 0 4 N.A.

LAO 7 (Allejheny) 1 20 2 0 0 5 N.A.

LAD 8 (Allegheny) 0 20 0 143 4 3 N.A.

LWD 9 (Allegheny) 0 19 0 0 0 3 N.A.

Winfield (Kanawha) (1) 244 416 13066 785 187 81 17.3

Marmet (Kanawha) (3) 35 183 3300 96 18 48 10.1

London (Kanawha) 39 140 2267 1039 344 21 3.9

LAD I (Kentucky) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

LAD 2 (Kentucky) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

LtO 3 (Kentucky) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

L&O I (Green) 3 24 157 14 7 14 10.1,

L&O 2 (Green) 2 28 82 0 0 13 6.3

Barkley (Cumberland) 15 75 341 64 41 21 5.0

Cheatham(Cumbertand) 11 62 213 73 46 12 4.9

Old Hickory(Cnbrtnd) 9 60 88 36 10 18 0.8

CordelLHuI (Cmbrirnd) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Kentucky (Tenn) (3) 247 356 15786 194 280 86 30.1

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 3.1 continued

PERFORMANCE MONITORING SYSTEM - SELECTED INDICATORS

1987 PMS DATA FOR WATERWAY SYSTEM LOCKS

(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

LOCK NAME & (RIVER) TIME TIME TINE TIME EVENTS RATE MILLIONS

(MIN) (MIN) (HIS) (HRS) (0) (Z) OF TONS

05 continued

Pickwick (Terv) 130 231 5448 1255 214 50 17.8

Wilson (Tern) 27 120 645 66 23 37 7.7

Wheeler (Term) 20 121 35 34 20 22 7.4

Guntersville (Term) 16 92 271 26 31 32 5.7

Nickajack (Term) 16 83 333 100 36 21 5.3

Chickamauga (Term) (3) 106 119 1365 65 29 52 3.3

Watts Bar (Term) (3) 42 332 275 27 12 29 1.9

Ft. Loudon (Term) (3) 52 188 245 163 69 17 0.6

Melton Hill (Clinch) 0 12 0 0 0 39 0.0

96 GULF INTRACOASTAL

Inner Harbor (GIW) (1) 548 592 106551 1616 415 100 26.3

Harvey Lock (G1W) 57 91 4012 137 285 47 3.5

Algiers Lock (GIW) 217 262 36565 165 16 85 26.7

Bayou soeuf (GtWW) 16 41 3811 170 60 56 27.2
Leta" lowan (GIW) 51 71. 12111 5 16 64 42.2

Calcasieu Lock(GIW) 68 95 15661 265 291 72 N.A.

IrazosR.E.Gate(GIW) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

8razosR.W.Gate(GIWW) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

ColordoR .E.Lk(GIWW) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

ColoraO.W.Lk(GIW) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Port Allen (GW) 77 136 6688 2402 139 78 19.2

Byou Sorrel (GIW) 62 90 5315 213 65 11 22.0

Jim Woodruff (ACF) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

George W Andrew(ACF) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Watter F George(ACF) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Lock I (Pearl) W.A. N.A. N.A. N.A. N.A. N.A. N.A.

Lock 2 (Pearl) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Lock 3 (Pearl) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

97 MOBILE RIVER & TRIES
lankhead (BUT) (2) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Mott (BWT) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

.m Bacon OtiverCBWT) (1) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Setden (BWT) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Oemopolis (BWT) N.A. N.A. N.A. N.A. W.A. N.A. N.A.

Coffeevitte (BWT) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Ctsaborne(Ats-Cooss) W.A. N.A. N.A. N.A. N.A. M.A. N.A.

MltersFerry(AtaCsa) W.A. N.A. N.A. N.A. N.A. N.A. N.A.

Robert Henry(AlaCsa) N.A. N.A. N.A. N.A. W.A. N.A. N.A.

Gainesvitte(TennTom) N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Notes: (1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 3.1 continued

PERFORMANCE MONITORING SYSTEM - SELECTED INDICATORS
1987 PMS DATA FOR WATERWAY SYSTEM LOCKS

(SEE NOTES FOR STATUS OF LOCK IMPROVEMENTS)

AVERAGE AVERAGE TOTAL tOTAL TOTAL LOCK LOCK
SEGMENT NMBER & NAME DEIAY PROCESS DELAY STALL STALL UTILIZ. TRAFFIC
LOCK NAME & (RIVER) TIME TIME TIME TIME EVENTS RATE MILLIONS

(MIN) (MIN) (HRS) (IRS) (#) (X) OF TONS
17 continued
Aliceville (TennTom) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Coluabus (Ten-Too) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Aberdeen (Tenn-Too) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Lock A (Tenn-Tom) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Lock B (Tenn-Too) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Lock C (Tenn-Toa) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Lock D (Tenn-Too) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Lock E (Term-Tom) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Bay Springs(TennTom) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
#8 ATLANTIC INTRACOASTL

Great Bridge (AIWW) 4 23 60 0 0 25 0.5
South Mills (AIWW) 7 32 1 0 0 19 0.0
Deep Creek (AIW) 4 28 0 0 0 28 0.0

39 COLUMBIA-SAKE
Bonneville(Columbia) (1) 69 165 2373 18 16 53 8.9
The Dalles(Columbia) 9 50 225 19 9 17 7.5
John Day (Columbia) (2) 16 67 394 19 2 21 7.4
McNary (Columbia) 6 42 151 347 35 13 6.5
Ice Harbor (Snake) 11 47 253 374 80 17 3.8
Lwr Monuaentl (Snake) 8 49 134 305 14 11 3.2
Little Goose (Snake) 5 36 76 243 4 8 3.1
Lower Granite(Snake) 4 34 59 263 7 10 2.2
Locks 1-4(Wilasette) N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Guard Lock(Wlamette) N.A. N.A. N.A. PA. N.A. N.A. N.A.

Notes: M1) Construction of replacement scheduled or underway
(2) Major rehabilitation recently completed or underway
(3) Replacement or improvement under study
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TABLE 3.2

RECREATION USAGE OF THE INLAND WATERWAY SYSTEM

RECREATION
LOCK LOCKAGES RECREATION

WATERWAY/LOCK UTILIZATION 3RD QTR 1986 UTILIZATION

NAME OR NUMBER RATE IN 1986 (MAIN/AUX) RATE
(%) (%) (1) ( ) (2)

Upper Mississippi
No. 1 69 51/25 35.2/17.3

No. 2 61 49 29.9

No. 3 60 56 33.6

No. 4 59 52 3o.7

No. 5 57 50 28.5

No. 5a 57 56 31.9

No. 6 59 56 33.0

No. 7 60 57 34.2

No. 8 60 51 30.6

No. 9 59 52 30.7

No. 10 58 53 30.7

No. 11 56 55 30.8

No. 12 54 55 29.7

No. 13 52 48 25.0

No. 14 62 28/99 17.4/61.4

No. 15 45 6/86 2.7/38.7

No. 16 57 32 10.2

No. 17 58 26 15.1

Arkansas River
L&D 3 21 53 11.1

L&D 4 18 48 8.6

L&D 5 21 64 13.4

David T Terry 23 77 17.7

Murray 20 79 15.8

Toad Suck 19 46 8.7

Arthur V Ormond 16 47 7.5

Dardanelle 18 53 9.5

Ozark 17 46 7.8

James W Trimble 21 42 8.8

W D Mayo 22 53 11.7

Robert S Kerr 25 56 14.0

Webbers Falls 27 51 13.8

Illinois Waterway
Starved Rock 53 37 19.6

Marseilles 64 35 22.4

Dresden Island 53 35 18.6

T J O'Brien 38 77 29.3
Tennessee River

Chickamauga 41 54 22.1

Watts Bar 29 60 17.4

1) The number of recreacionsl lockagas during July. August and Sepcember
expre: $ed as a percent of all lockages in chose monchs.
2) Ucilizaclon race -imes percent of recreacion lockages.

74



PEAK LOCK & AVERAGE LOCK ANNUAL DELAY TIME
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Chapter 4

PROGRAM REVIEW

BACKGROUND

The primary Federal interest in waterways is to facilitate the flow of domestic and
international commerce. The Corps' objective is to manage the waterway system to enhance
economic efficiency in consonance with the full range of existing environmental laws and
regulations. The Corps operates the inland waterway projects to satisfy navigation and many
other authorized water resources purposes, since flowing water must be managed for multiple
uses.

Federal funding for the inland waterway system has remained essentially level during the
1980s. In this period of financial stringency, level funding is a strong signal of continued high
priority for the inland waterways among domestic programs. As new construction of navigation
segments are completed, there is a shift towards increased outlays for operations ad
maintenance. However in real terms, the O&M budget for inland waterways has shown very
little increase. Thus the Corps is managing to do more with less. This is efficiency in the
purest economic sense.

Table 4.1 and Figures 4.1 and 4.2 present more detail on the funding patterns for the inland
waterways since 1980. To help the overall perspective, similar information for the total Corps
of Engineers Civil Works program is presented in Table 4.1 and Figures 4.3 and 4.4. Inland
waterways is a major component of the overall Civil Works program.

Several new Lock and Dam replacement projects have been initiated in accordance with the
authority and policy contained in the Water Resources Development Act of 1986. Use of the
Inland Waterways Trust Fund to fund 50 percent of new inland navigation construction projects
has enabled a much more aggressive investment approach. The projects which have become
inefficient due to lack of capacity and operational ineffectiveness are being replaced
systematically with larger, more economical projects. The intent is to help the waterways
become more efficient and economical.

OPERATIONS AND MAINTENANCE

Operations and maintenance costs for waterways subject to the fuel tax have increased by
81 percent in current prices and about 8 percent in real terms during the ten year period ending
in 1986 (Table 4.2). During the same period ton-mile traffic increased by 17 percent. The
nominal cost per ton-mile increased from 1.0 mill in FY77 to 1.5 mills in FY86 but, when
costs are adjusted for inflation, there has been an 11 percent decline in real costs per ton-mile.

Table 4.2 presents O&M costs in current prices, traffic in ton-miles, and costs per ton-mile
for nine waterway segments and for FY77, FY82, and FY86. Figures 4.5 and 4.6 display the
share of ton-miles and O&M costs for each segment. Figure 4.7 compares the cost per ton-
mile by segment. Only costs for fuel tax waterways are included for each segment.
Historically, about 85 percent of all shallow draft O&M costs have been expended on fuel tax
covered waterways.

The Lower Mississippi River and Ohio River System have the largest O&M outlays and
lowest O&M costs per ton mile, since their traffic levels are higher. Figures 4.5, 4.6 and 4.7
and Table 4.2 show the data on O&M costs for each segment and ton-mile costs. Basically,
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the data show that the high traffic volume waterway segments consistently show lower O&M
costs per ton-mile than segments with less traffic volume. Overall, O&M costs averaged 1.5
mills per ton mile in FY86, and ranged from an average of .8 mills to 43 mills per ton mile.

MAJOR REHABILITATION

Several lock and dam structures have undergone rehabilitation, which could also be
characterized as major maintenance. Table 4.3 displays twenty-seven major rehabilitation
projects that are complete or are currently being constructed. Over $340 million has already
been spent over the period FY78 to FY88 for lock and dam major rehabilitation.
Approximately another $123 million will be required to complete the 12 projects currently under
construction. The President's Budget for FY89 includes $40 million to continue these projects.

The greatest number of recent rehabilitation projects are in the river segments that are
heavily used and contain old structures. A majority of the chambers on the Upper Mississippi
River are 50 years or more old. This river has 12 separate rehabilitation projects completed or
underway. Five structures on the Illinois River have been rehabilitated in the last decade, while
two projects at Peoria and LaGrange are currently underway. Six of the 27 major rehabilitation
projects are located on the Ohio River system. Five of these projects (four on the Ohio River
and one on the Monongahela River) have been completed. The Black Warrior and the
Columbia-Snake, have each had one major rehabilitation project recently completed.

There is now an ongoing effort by the Corps to revise major rehabilitation guidance. As
part of this effort, a review of the potential work that could be categorized as rehabilitation for
funding as construction has been performed. That review indicates that such potential work
approximates $125 to $250 million.

A significant R&D program (called REMR) is now underway with primary objectives of (1)
improving the technology (and reducing costs) of maintenance and repair and (2) developing a
more systematic basis for programming and managing the Corps Civil Works repair and
maintenance outlays.

CONSTRUCTION

Nine projects on the fuel-taxed waterways have been scheduled for construction following
authorization of eight of them by the WRDA of 1986 and authorization of Olmsted Locks and
Dam this year. These new projects (Table 4.4) will reduce traffic delays and lower the cost of
waterway transportation far in excess of their estimated costs of $2.9 billion (fully funded
estimate).

There are several ongoing construction projects for inland navigation which are not
authorized to be funded through the waterways trust fund. The first lock at L&D 26 will be
completed in 1989. In the reach below L&D 27 at St. Louis, training works to maintain
navigable depths are under construction. The MR&T project receives continuing outlays to
complete bank protection and other works required to maintain navigation. The four new locks
and dams on the Ouachita-Black River have been completed, but there is continuing channel
improvement work. The Red River project is under construction to Shreveport. LA. These and
other projects are shown in Table 4.5. If all of these projects are funded to completion, there
remains an unscheduled balance of $4.5 billion.
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STUDIES

These are nine studies of sixteen potential lock and dam and four potential channel
improvements now underway that are expected to be completed between FY88 and FY93.
Future construction projects on the inland waterways are dependent on favorable feasibility
studies. These studies are likely to identify projects that will be available for construction after
1993.

An analysis of the future balance of the Waterways Trust Fund in June 1988 showed
prepared for the fourth meeting of the Inland Waterways Users Board, the limits of trust fund
liquidity. There appears to be a significant limit on the number and pace of additional
construction of inland navigation projects after the nine now scheduled for contributions from
the Trust Fund are completed. An estimate of the revenues for the fuel tax is from $100-150
million per year in the early part of the first decade following the year 2000. Assuming
continuation of the policy to fund 50 percent of the cost of new inland projects from the Trust
Fund, average outlays would be limited to $200-300 million per year. If the 12 projects now
under study in the Ohio River System are placed in construction after they become available for
construction, the trust fund income would constrain completion of the projects until 2023
(assuming no additional projects are started). Therefore, a budget priority strategy which invests
available funds in projects with the greatest net benefits to the entire system will be required.

Twelve projects now under study in the Ohio River system will probably recommend
construction of replacement projects. Preliminary estimates of costs are estimated to be 2.3
billion, including an allowance for inflation in future construction costs. Table 4.6 shows more
information about these projects.

In addition to the Ohio River system studies, there are investigations to extend navigation
up the Columbia River above the Dalles, study of a lock and dam on the lower White River (a
part of the McClellan Kerr/Arkansas River Navigation System). There is no strong indication
that these studies will recommend new construction.

The capacity analysis conducted for this report supports new studies to begin in FY89 on
the Upper Mississippi and Illinois Rivers. Ongoing studies on the GIWW between New
Orleans and Galveston and new studies for Algiers and possibly Calcasieu locks are also
supported by this report.

Small Scale Capital Improvemens. The Corps has included analysis of small scale (often
called nonstructural) measures to improve the efficiency and speeds of tows moving through
locks or constrained channels. These measures may become more attractive to water carriers
and shippers if construction budgets remain constrained.

An example of a comprehensive assessment from the 1982 Comprehensive Master Plan for
Management of the Upper Mississippi River System is presented here to illustrate some of the
concepts which may have merit under certain conditions. The results of this assessment do not
represent a consensus position of the Corps of Engineers and probably not fully supported by
carriers and shippers.

The study assessed steps that could be taken to increase capacity or throughput of certain
locks on the Upper Mississippi and Illinois Rivers by employing certain non-structural measures
and making minor structural improvements. These actions broadly include scheduling of lock
operations and assistance to multicut lockages, improvements to approaches, tow configuration
and operation, lock operating controls, and structural actions (Table 4.7). The low cost non-
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structural measures and minor structural improvements may also be applicable at other locks on
other waterways in the system, depending on the results of thorough project planning studies.

In the Comprehensive Water Plan, a wide range of capacity expansion mre.asures was
considered for study in the capacity analysis. These measures were used to construct the four
basic system scenarios which were evaluated. An inventory was conducted of potential
structural and non-structural measures that could be instituted to increase the ability of the
system to handle additional traffic. Forty-three measures were initially identified. Ten were
eliminated from further consideration due to their low impact on capacity, high cost, safety
problems, or availability of information needed to quantify performance. The remaining 33
measures were further screened and prioritized, resulting in a list of eleven measures used in the
design of system capacity expansion scenarios (Table 4.8). These remaining eleven measures
included both structural and non-structural options with a wide range of costs and capabilities.

ENVIRONMENTAL PLANNING FOR INLAND WATERWAYS

The federal management objectives for the Nation's inland waterway system are rooted in
the principles of multipurpose planning, utilization, and operation. While the needs to operate
the inland waterway system safely and efficiently remain paramount, economic, social,
environmental, and National defense considerations are routinely balanced within the
environmental planning equation. The needs of commercial and recreational users must be
addressed, along with flood control, hydropower, bank stabilization, and resource management
considerations.

Therefore, extensive coordination and informational exchange programs form the cornerstone
of environmental planning efforts. This philosophy essentially compliments requirements of the
National Environmental Polcy Act of 1969 (as amended) and a list of key related statutes
provided in Appendix B. Through application of Corps internal regulations pursuant to the
Council on Environmental Quality's (CEQ) regulations (40 CFR Part 1500-1508), environmental
planning for the Nation's inland waterways by the Corps is fully responsive to the challenges of
the future.

The Corps' organization is staffed with a multidisciplinary workforce from the fields of
engineering, environmental sciences, social sciences, and physical sciences, who are sensitive to
environmental concerns related to planning, design, construction, and operation activities. Using
a team approach, the Corps identifies, evaluates, and implements management activities for
environmental enhancement and protection measures. Internal policies and regulations require
efforts to avoid or minimize undesired effects to the extent possible under a multipurpose use
philosophy.

The Corps follows a two-phase planning process for new projects as defined in the
document entitled Principles and Guidelines. Management requirements under "Initiatives 88", a
Corps-wide program of efficiency measures, is being used, as appropriate, for planning and
design efforts with a view toward maintaining environmental quality. The two-phase planning
process, for example, is comprised of a reconnaissance phase and a feasibility phase.

The purpose of the reconnaissance phase is to: (1) identify at least one potential solution;
(2) affirm Federal authority and interest in a solution; and (3) identify, if required, a cost-
sharing partner for subsequent feasibility study.

These critical issues are addressed in a reconnaissance report.
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During the feasibility phase, various project alternatives are examined in light of
engineering, eronomic, and environmental principles. The feasibility study typically requires a
refinement of ne understanding of the problem, and impact assessment based upon discrete data
analysis and detailed environmental studies. The resulting feasibility report will contain a
recommendation for the administration and Congress to consider, possibly leading to detailed
design and construction.

Normally, feasibility studies will require an Environmental Assessment or an Environmental
impact Statement (see Appendix B). A Fish and Wildlife Coordination Act Report prerned by
the U.S. Fish and Wildlife Service is included which describes the resource base, evaluates
effects, and makes recommendations concerning fish and wildlife resources.

For projects operated by the Corps (i.e., waterways and reservoirs), master plans, land use
allocation plans, annual work plans, and shoreline management plans are effective tools for wise
environmental resource management. The Corps also administers a permit program to regulate
structures and fill for navigable waters. Environmental evaluations are key components of all of
the above management tools. Finally, the Corps expends significant efforts to manage Federal
lands through the execution of studies, enhancement, protection, and interpretive measures.

Appendix B of this report provides a description of environmental planning considerations
related to navigation and the inland waterways system.

Throughout the planning, design, construction, and operations aspects of any project, the
Corps continues to evaluate and advance environmental considerations. When necessary the
Corps will conduct environmental reevaluation studies as well as supplement an existing EIS to
meet changing conditions. The Corps has a strong commitment to protecting and enhancing the
quality of the environment and this is in evidence as one considers its project development
process.

Appendix B of this report provides an overview of the environmental impacts related to
navigation and the inland waterways system. This appendix also contains a description of the
process required for meeting NEPA guidelines and a list of Corps studies that demonstrate the
array of work in this area.
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TABLE 4.1

FEDERAL INLAND WATERWAYS AND CIVIL WORKS INVESTMENT 1980-19881
(Millions of Dollars)

Inland Waterways Navigation Total Civil Works
................................. ............................. ~e...

Fiscal Construction O&M Total Construction O&M
Year $ $ $ $ Inland % $ Inland

1980 427 262 689 1660 26 942 28
1981 422 281 703 1594 26 968 29
1982 432 298 730 1430 30 1025 29
1983 359 338 697 1508 24 1201 28
1984 314 379 693 927 34 1185 32
1985 3012 406 707 948 32 1308 31
1986 254 413 667 880 29 1260 33
1987 2183 437 655 1149 18 1390 31
1988 3174 454 771 12004 26 14555 31
............ e o~... . .. . .. . . .!.oQ Q o ~ ... ~. o......... ..........................

SOURCE: U.S. Army Corps of Engineers, CECW-BW, June 1988

I U.S. Army Corps of Engineers Appropriations for Civil Works (includes all

Irojects, including those subject to the fuel tax).Includes $7.8 million from Inland Waterways Trust Fund.
3 Includes $26.0 million from Inland Waterways Trust Fund.
4 Includes $38.0 million from Inland Waterways Trust Fund.
5 Includes $16.3 million to be appropriated from the Harbor Maintenance Trust
Fund. It was created by the 1986 Water Resources Development Act, which also
authorized not more than 40 percent of annual O&M costs for harbors to be
appropriated from this Fund.
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TABLE 4.2

SUMMARY OF CURRENT OPERATIONS AND MAINTENANCE COSTS*

O&M COSTS TON MILES O&M COSTS PER TON-MILE
SEGMENT/WW 1977 1982 1986 1977 1982 1986 1977 1982 1986

.... $million ..... ........... million ........... ..... $/ton-miles ....

1 UPR MISS 25.9 38.9 53.5 11,380.5 14,630.2 12,871.9 0.0023 0.0027 0.0042
(% of Total) 14% 16% 16% 6% 7% 6%

2 MDL MISS 17.5 14.3 16.9 14,018.1 16,800.6 17,504.7 0.0012 0.0009 0.0010
(% of Total) 9% 6% 5% 8% 9% 8%

3 LWR MISS 50.4 61.8 84.2 75,369.1 89,578.6 100,058.3 0.0007 0.0007 0.0008
(% of Total) 27% 25% 25% 42% 46% 44%

4 ILLINOIS 9.2 13.0 12.6 8,046.6 7,808.9 8,505.9 0.0011 0.0017 0.0015
(% of Total) 5% 5% 4% 4% 4% 4%

5 OHIO 42.8 59.5 87.2 45,528.6 44,916.6 61,603.6 0.0009 0.0013 0.0014
(% of Total) 23% 24% 26% 25% 23% 27%

6 GIWW 22.8 33.9 37.8 19,820.1 16,397.8 19,119.6 0.0011 0.0021 0.0020
(% of Total) 12% 14% 11% li% 8% 8%

7 MOBILE 7.5 16.2 23.3 4,671.1 4,741.3 5,746.2 0.0016 0.0034 0.0041
(% of Total) 4% 7% 7% 3% 2% 3%

8 AIWW/IWW 8.6 7.9 15.8 630.6 376.4 367.1 0.0136 0.0210 0.0430
(% of Total) 5% 3% 5% 0.3% 0.2% 0.2%

9 COL/SNK/WIL 3.1 3.3 9.0 1,439.3 1,331.5 1,228.2 0.0022 0.0025 0.0073
(% of Total) 2% 1% 3% 1% 1% 1%

TOTAL 187.7 248.8 340.2 180,903.9 196,581.8 227,005.6 0.0010 0.0013 0.0015
100% 100% 100% 100% 100% 10%

SOURCE: 0 & M Costs - User Charge Data Base
Ton Miles - U. S. Army Corps of Engineers, WCSC, Waterborne Commerce of the U. S.

* o This is an excerpt from the more comprehensive 0 & H cost table in Appendix A
which displays values for nine-year period (1977-1985), and for rivers under
each segment.

o Inflation factor from 1977-1985 according to "Implicit Price Deflator based on
overaLl GNP (OMB Series)" is about 65 %.

o Fuel tax waterways only.

91



TABLE 4.3

MAJOR REHABILITATION PROJECTS: COMPLETED AND UNDER CONSTRUCTION

SEGMENT/WATERWAY START COMPLETE COST SEGMENT/WATERWAY START COMPLETE COST
_ PROJECT - DATE DATE (million) PROJECT DATE DATE (million)

UPPER MISSISSIPPI RIVER $162.6 OHIO RIVER SYSTEM/OHIO RIVER $117.6
L&D 1 1978 1982 44.6 EMSWORTH L&D 1982 1986 37.9
L&D 3,5A-9 DASHIELDS L&D* 1986 1991 34.0
(6 sites)* 1987 1994 37.7 MONTGOMERY LD 1985 1988 32.2

L&D 14 (AUX) 1978 1982 7.8 L&D 52 1980 1984 8.9
L&D 19 (AUX) 1977 1980 5.2 L&D 53 1980 1985 4.6
L&D 20* 1986 1990 38.4
L&D 21* 1987 1989 13.8 OHIO RIVER SYSTEM/MONONGAHELA R. $16.3
L&D 22* 1987 1989 15.1 L&D 3 1978 1982 16.0

ILLINOIS ATERWAY $133.0 MOBILE R&T/BLACK WARRIOR RIVER $47.3
LOCKPORT L 1983 1987 22.7 BANKHEAD 1966 1980 47.3
BRANDON ROAD L&D 1984 1988 23.8
DRESDEN L&D 1978 1983 16.7 COLUMBIA-SNAKE WU/COLUMBIA RIVER $6.2
MARSEILLES D 1985 1988 15.0 JOHN DAY L 1980 1983 .6.2
STARVED ROCK L&D 1978 1985 13.3
PEORIA LWD* 1986 1990 21.2
LA GRANGE L&D* 1986 1990 20.3

SUMMARY OF MAJOR REHABILITATION PROJECT STATUS

COST 'kUTURE TOTAL
# THRU FY1988 COST COST

.......... million ---------

PROJECTS COMPLETED THRU FY88 15 287.2 0.0 287.2
*PROJECTS UNDER CONSTRUCTION 12 84.3 111.2 1
TOTAL 27 $371.5 $111.2 $482.7
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TABLE 4.4

SCHEDULED CONSTRUCTION PROJECTS IN THE FY1988 BUDGET

THAT DRAW FUNDS FROM INLAND WATERWAYS TRUST FUND

(MILLIONS OF DOLLARS AS OF OCTOBER 1987)

FULLY
START/ FUNDED TOTAL UNALLOCATED

SEGiiENT/PROJECT COMPLETION PERCENT PROJECT ALLOCATIONS ALLOCATION BALANCE REMARKS
YEAR COMPLETE COST THRU FY88 FOR FY89 THRU FY89

.......................................... ............ . ...... .............. ...................

UPPER MISSISSIPPI RIVER

Miss. R., LLD 26--Znd Lock 1986/1992 6X $213 $12 S13 S188 RepLacement project

OHIO RIVER SYSTEM

Ohio R., CaLtipoLis LLD 1985/1991 20% S336 $70 $60 $206 Replacemnt project

Monongahela R., L&D 7 1987/1993 6% $167 $10 $14 $143 Reptacemnt project

Monongahela R., L&D 8 1987/ ---- 2% $94 $2 $3 $89 Reptacement project

Kanawha R., Winfield LWO 1987/ .... 2% $178 $3 $7 $168 Additional Lock

Olmted LLD (replaces LLD 52 & 53) ---- / .... O $970 $6 $3 $961 Not yet authorized

MOBILE RIVER & TRIBUTARIES

Black Warrior R., Oliver LSD 1987/1990 33% $121 $40 $31 $50 Reptacement project

GULF INTRACOASTAL WATERWAY
Gulf OutLet, Inner Harbor Lock .... /---- 13X $685 $90 $1 $S594 RepLaceme t project

COLUMBIA-SNAKE WATERWAY

Colufbia R., Bonneville L&D 1985/1992 32% $212 $34 $42 $136 Replacement project

. . ................. ........................ ................ . ...............................

T 0 T A L N.A. N.A. $2,976 $27 $174 $2,535

SOURCE: Appendix A: Description of the Waterway Segments
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TABLE 4.5

SCHEDULED CONSTRUCTION PROJECTS IN THE FY 1988 BUDGET

THAT DO NOT DRAW FUNDS FROM THE INLAND WATERWAYS TRUST
FUND

(MILLIONS OF DOLLARS AS OF OCTOBER 1987)

FULLY

START/ FUNDED TOTAL UNALLOCATED

SEONENT/PROJECT COMPLETION PERCENT PROJECT ALLOCATIONS ALLOCATION BALANCE REMARKS
YEAR COMPLETE COST THRU FY88 FOR FY89 THRU FY89

.. . . . . . . . . . . .......... .......... ....... ....... .... ..... ......... .......... ......0. .- o° ° .... ° 0 - 0 ° ° .... . ° ° ... °.........

UPPER MISSISSIPPI RIVER

Hiss. R., LAD 26--1st Lock 1979/1989 75X $755 $565 $50 $140 Reptacenent project

MIDDLE MISSISSIPPI RIVER

Miss. R., Rewutating Works 1910/2000 63% $187 $118 S4 $65 Dikes, revetments, & dredg

LWER MISSISSIPPI RIVER

Miss. R. ChareL Improvement 1928/2010 54X $3,076 $1,666 $95 $1,315 Dikes and revetments

Arkansas R. 1963/1970 99% $563 $548 S4 $11

Ouachita-Stack Rivers 1964/1984 83% $275 $227 $2 $46 ALL 4 locks are open

Red R., Mouth to Shreveport, LA 1973/.... 51% $1,732 $883 $118 $731 Two locks are open

Atchafataya R. 1928/2010 41% $1,468 $592 $31 $845 Dikes and revetments

OHIO RIVER SYSTEM

Ohio R., Smithtand L& 1970/1980 100% $274 $274 $0 $0 Replacement project

MOBILE RIVER & TRIBUTARIES

Coosa R. to Gadsden, AL 1977/ .... 2% $1,359 $25 $0 $1,334 $25M exeprded for AE&D

availability unknown
. . .............. ........ ...... ...... .... .°° . ...... ..... ..... .. .... .... ...... .... .... .°.. ..................... •.....

T 0 T A L N.A. N.A. $9,689 $4,898 $304 S4,487

SOURCE: Appendix A: Description of the Waterway Segments
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TABLE 4.6

STLVIES OF POTENTIAL CONSTRUCTION PROJECTS

(MILLIONS OF OOLLARS AS OF OCTOBER 1987)

Year

Segment Start Corlptete Project Avail ProbabLe Inprovement
Waterway/Project Year Year % Cost Est. for

Const,

Ohio River System

Ohio/Emsworth 1981 1990 80 230 1994 Rept. w/ 12001& 600' x 110'Ls & RepL/Rehab D
Ohio/Dashietds !981 1990 80 230 1994 Rept. w/ 1200& 600' x 110'Ls & Rehab 0
Ohio/Montomery 1981 1990 80 400 1994 Rep!. w/ 1200'& 600' x 110'Ls & D
Ohio/McAtpine 1981 1989 83 250 1993 Rept. Aux L w/ 1200' x 110'L

Monongahet&/Ls,Dam 2 1980 1990 75 55 1994 Rept. Aux L wI 720' . 84'L & 0
Monongaheta/Ls&Dam 3 1980 1990 75 215 1994 Rept. w/ 2 720'x 84'LS & 0
MonongaheLa/Ls&Dam 4 1980 1990 75 125 1994 Rept. w/ 2 720'x 84'Ls & rhiab 0

Kanawha/Marmet 1982 1990 73 150 1994 Rept. 1 L w/ an 800' x 1101L

Tennessee/Kentucky 1975 1988 100 300 1993 Add a 12001 x 1101L
Tennessee/Chickamuga 1975 1992 39 120 1996 Add a 600' x 1101L
Tennessee/Watts Bar 1975 192 39 120 1996 Add a 600' x 1101L
Tennessee/Ft. Loudon 1975 1992 39 100 1996 Add a 600' x 110L
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Table 4.7 Selected Measures to Increase System Capacity

% Increase Cost ($000)
Annualized in Capacity for each % Safety
Cost (SO00) (Tyical range) Increase Impact

SCHEDULING OF LOCK OPERATIONS -
AssISTANCE TO MULTICUT-LOKGES

Institute N-up/N-down Policy 0 13-16 0 HIGH
Institute Ready to Serve Policy 2092 33 63 LOW
Improve Tow Haulage Equipment 751 28 27 LOW
Increase Lock Staffing 52 1.2 30 HIGH
Institute Lock Scheduling 9 3 3 HIGH

IMPROVEMENTS TO APPROACHES

Improvement to Approaches 116 3 39 HIGH
Provide Adjacent Mooring Cells 18 1-2 14 HIGH
Provide Funnel Shaped Guidewalls U/A U/A U/A HIGH
Install Wind Deflectors 2-20 0-.1 25-200 HIGH

TOW CONFIGURATION AND OPERATION

Waterway Traffic Management 5-15 4 3 HIGH
Expand Fleeting Areas 200 U/A U/A MOD.
Bridge Maintenance and Operation U/A 0-5 U/A HIGH

LOCK OPERATING CONTROLS

Modify Intake/Outlet Structures 70 4 16 MOD.
Install Trash Racks 29 4 7 MOD.
Expedite Operations in Ice Condition 23 2 12 MOD.
Install Air Bubbler System 38 0 - HIGH
Install Floating Mooring Bitts 14 0 HIGH
Improve Lock Operating Equipment 191 0 HIGH
Install Gate Wickets HIGH 0-3 LOW
Provide Operating Guides MOD. 0-3 HIGH
Centralize Controls 104 1 104 HIGH
Provide Replaceable Fenders LOW 0-1 LOW
Clear Vessel From Filling/

Emptying System LOW 0 HIGH

STRUCTURAL ACTIONS

Reduce Interference from Recreation 419 6 65 MOD.
Improve Use of Auxiliary Chamber U/A 10-50 U/A MOD.
Enlarge Lock to 1200 feet 4575 48 95 LOW
Physical Lock Replacement e950 148 61 HIGH

U/A - Unavailable

Source: Upper Mississippi River Basin Commission, Comprehensive Master Plan for the

Management of the Upper Mississippi River System, January 1982.
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TABLE 4.8

CAPACITY EXPANSION MEASURES AND SCENARIOS

SCENARIOS*
M E 11 II IV

GOVERNMEN

Cost / % Increase in Capacity < $20.000

Correct designed deficiencies X X
Improve approaches X X
Increase locks staffing X

Cost / % Increase in Caoacity < $50.000

Correct design deficiencies X X
Improve approaches X X
Increase lock staffing X X

Institute N-up/N-down where appropriate X X X X
Expedite operations in ice conditions X X
Recreational locks X X
Recreational lockage hours X X X
Travelling kevel where appropriate as
alternative to helper boats X X

Build additional locks where appropriate X

INDUSTY

Mandate Bowboats for Large Tows X
Helper Boats Where Appropriate X X
Switchboats Where Appropriate X X

* Scenarios

I: No major changes, under current budgets, "with-out" condition.
II: Add system use of bowthrusters on multicut tows.

III: Minor structural changes plus full use of non-structural measures.
IV: Above measures plus additional chambers at selected sites to provide

capacity sufficient for total unconstrained traffic projection.

SOURCE: Upper Mississippi River Basin Commission, Comprehensive Master
Plan for the Management of the Upper Mississippi River System,

January 1982
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Chapter 5

STATUS OF THE INLAND WATERWAY TRUST FUND

DESCRIPTION

The Inland Waterways Trust Fund was authorized by the Inland Waterways Revenue Act of
1978 (PL 95-502) and amended by the Water Resources Development Act of 1986 (PL 99-662).
These laws establish the Trust Fund, fuel taxes (ranging from $.10 per gallon of fuel before
1990 to $.20 per gallon after 1994) for tows operating on 27 waterways, and authorize
appropriations from that fund. According to the Law, the fund will be available "for making
constiuction and rehabilitation expenditures for navigation on the inland and coastal
waterways..." To date, $99.8 million has been appropriated by Congress, $7.8 million in FY85,
$26 million in FY87, and $66.2 million for FY88. Current expenditures are helping to fund the
construction of five lock projects authorized by the Water Resources Development Act of 1986:
Bonneville, Gallipolis, Lock and Dam 26 (2nd chamber), Oliver and Grays Landing.

RECEIPTS

fistorical

Trust Fund fuel taxes were first collected in FY81 at the rate of $.04 per gallon. The first
year's revenue was $21.2 million. Since waterway traffic has shown no sustained growth since
1981, annual fuel consumption has not increased. Taxes received have grown annually because
of the increasing tax rate, not because of greater traffic levels. The balance in the Trust Fund
grew rapidly in the early years because no expenditures were authorized by Congress until
FY85. The fuel tax rate continued to increase, and interest earned on the Trust Fund balance
increased as the balance increased. FY87 Trust Fund receipts were about $48.3 million.
Interest on these receipts and the prior balance amounted to about $16.5 million.

Projected

Future receipts are linked to both the fuel consumption and the applicable tax rate. The
forecast future receipts shown in Table 5.1 are based on an analysis using growth rates of 1.0
and 2.0 percent per year in traffic, which is assumed will be matched by a similar growth rate
in fuel consumption (see Historic Trends and Projections). No inflation factor is applied to the
calculation of receipts. The forecast future annual revenues without accrued interest, from FY89
to FY2000, grow from $48.3 million in FY87 to $111 million at a 1 percent growth rate or to
$124 million if total traffic grows closer to 2 percent annually. These revenues will be
supplemented by interest earned on the balance in the Trust Fund. The balance will be affected
by the number and cost of projects funded in a particular fiscal year. The increase in receipts
is heavily hifluenced, as in previous years, by the doubling of the tax from $.10 per gallon in
FY89 to FY95's $.20 per gallon. The rate is scheduled to increase from $.10 to $.11 in 1990,
$.13 in 1991, $.15 in 1992, $.17 in 1993, $.19 in 1994, and $.20 in 1995 and beyond.

Figure 5.1 shows the Trust Fund receipts, expenditures and balance through 2000. The
graph incorporates a 1.5 percent growth rate in receipts (the middle range cited above and in
Table 5.1) and 50 percent funding of eight authorized projects and one anticipated project on
the fuel tax waterways. Receipts include accrued interest on the balance from each previous
year.
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There is considerable uncertainty in estimates relating to forecasts of ton-miles. The
impacts of the fuel tax increases on waterway traffic share is not known with certainty and may
have different impacts on the movement of different commodities. Other sources of uncertainty
include the overall increase in grain exports, which are generally long-haul movements, and the
application of fuel efficiency measures to vessels.

EXPENDITURES

As noted, outlays from the Trust Fund shown in Figure 5.1 are based on specific
appropriations for eight authorized and one anticipated project on the fuel tax waterways. Table
5.2 shows the estimated cost of these projects and an estimate of the year in which construction
could begin. Five of these projects actively drew from the Trust Fund in FY88. There are 12
additional projects currently under study which may be candidates for future funding as well.
In addition, problems may emerge in the next few years at projects not yet under study,
creating another wave of funding needs.

According to Section 102a of PL 99-662, one-half of construction costs "shall be paid only
from amounts appropriated from the Inland Waterways Trust Fund." Table 5.3 displays start
and estimated completion dates (some projects may be open to navigation earlier), total costs,
and Trust Fund contributions for projects authorized to receive Trust Fund appropriations, plus
Locks and Dams 52 and 53 replacement (Olmstead) for which the Chief of Engineers has
recommended construction. The total expenditures of $2,626 million for these nine projects
include an allowance for inflation during construction. Out-year projections are best estiniates
prepared by the Corps of Engineers and do not reflect fixed commitments or budget amounts
for specific years. Looking at expenditures for these nine projects only, outlays are scheduled
to peak in FY91 at $147 million and the Trust Fund balance dips accordingly.

Potential Projects Under Study

Several studies now underway in the Ohio River System are likely to result in favorable
recommendations for construction of replacement projects. Table 34 shows the estimated cost
of these projects and an estimate of the year in which construction could begin. These studies
are targeted to the parts of the Ohio River System where age and capacity of locks and dams
are likely to produce significant delays to waterway traffic, or where capacity constrains
movement of potential traffic.

BALANCE

The balance in the Trust Fund was nearly $280 million at the end of FY87, the first year in
which new projects were analyzed to draw from this fund. The nine scheduled projects will
reduce the balance to approximately $200 million in the period FY91-FY93. If no other
projects are started, the balance would increase to reflect revenues and interest on the Trust
Fund balance, as shown in Figure 5.1.

SENSITIVITIES

However, there are other potential claims for funding from the Trust Fund. The WRDA of
1986 specifically authorizes, and the Corps' policy is, to recommend 50-50 funding for both
rehabilitation and construction of inland navigation payments from the Trust Fund. At this
time, there are 12 projects being rehabilitated and a potential for several additional projects by
the year 2000. If the rehabilitation program is funded on a 50-50 basis from the Trust Fund,
outlays from the Trust Fund would increase accordingly. This would reduce the Trust Fund
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balance, but could be essentially accommodated from anticipated revenues coming into the Trust
Fund. However, funding of the nine scheduled projects and the projected rehabilitation program
could limit the capability to fund additional capacity related replacement needs for the 11,000
mile system. The 12 projects under study on the Ohio River System may cost about $4.7
billion (fully funded). The Trust Fund balance will not contain enough to fund 50 percent of
the costs of these projects, if construction is started as soon as planning, engineering and design
would permit. Other parts of the fuel tax segments appear at this time to warrant studies for
consideration of replacement projects. These will add to the claims for funding.

One should not yet conclude that there is a funding crisis which cannot be solved. Either
there will emerge convincing evidence that the fuel tax rate should be increased or that the
budget priorities should stretch funds by delaying new starts, choosing not to fund lower
priority projects and/or by increasing furding of low cost capacity increasing measures. These
and many other alternatives will undoubtedly receive serious attention in planning studies and in
the budget priority process.

CONCLUSION

The Trust Fund can provide for 50 percent funding of the nine projects now scheduled.
Under projected growth in revenue, it could also fund the rehabilitation projects now underway
and several new ones. It is also clear that several additional construction projects can exhaust
the Trust Fund if scheduled as rapidly as current studies anticipate.

Therefore, an inland navigation budget priority process is unavoidable. There will
undoubtedly be a significant budget constraint, surely from the Trust Fund and very likely from
the General Tax Funds available to the U.S. Treasury. The budget priority system should be
systemwide and based primarily on net system benefits available for each budget alternative,
subject to budget constraints. This will inevitably lead to emphasis on lowering the capital
intensity of many of the alternatives prepared for funding. Smaller scale investments for
measures with high immediate payoff will attract funding priorities.
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Table 5.1

FUTURE INLAND WATERWAY TRUST FUND FUEL TAX RECEIPTS

Fiscal Tax Rate Receipts Under Alternative Growth
Year (cents per gallon) Rates of Fuel Consumed1

(millions of dollars)
1% 2% Difference

1987 10 $ 48 $ 48 $ 0
1990 11 55 56 1
1995 20 105 113 8
2000 20 111 124 13
2005 20 116 137 21
Cumulative Total 1981-2005: 1946 2117 171

1 Based on forecasts prepared by the Corps Institute for Water Resources.

TAN.E 5.2

MMO4 FMMM&IA EMrMRES HM n T RUN
F 87. - F2002

Water,,y trized pates Costs3
Projects iart te2 Millions of Oct 86 S

Total Tht Fund

Coluabia R. Bcrrville L., CR & W 86 92 200 100
chio R. Gallipolis ID, WV & CH 86 95 335 167
Mid-iss. R. ID 26, 2nd L., IL & MD 86 91 214 107
Black-Wrrior R. Oliver LD, AL 86 91 122 61
Honcrahsla R. Grays tdg, UlD 7, PA 86 95 146 73
Hanang4bla R. Pt. Marion, L 8, PA 86 93 94 47
KankA R. Winfield t&D, WV 87 97 190 95
GIW MMO, Iner Hbr, IA 86 2000 580 1934
Chio R. Olmstead LW, IL & KY* 86 2000 745 373

Total 2626 1216

* Not authorized; Chief' s report recomards constrtion.
I nrcludes PED (PlariLng, Engireering and Design) start date.

2 Or earliest date open to navigation.
3 Cost estimates incrude allowace for inflation dzring constiction.
4 Allocation tentative, cost sharing yet to be datemdn-ed.
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FIGURE 5.1

INLAND WATERWAYS TRUST FUND

RECEIPTS, OUTLAYS & BALANCE FOR NINE PROJECTS
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I. INTRODUCTION

The purpose of this appendix is to describe and present the text and data
related to the nine inland waterway segments in terms of the following six
elements:

a. Physical Characteristics of Channels and Locks

b. Performance Characteristics of Locks

c. Shallow Draft Waterway Traffic Projection Methodology

d. Operations and Maintenance Costs

e. Program Status

f. Lock Capacity Characteristics

This information serves as the major input to the main report "Status of
the Inland Waterways," suhmitted to the Assistant Secretary of the Army (Civil
Works), the Chief of Engineers, and the Inland Waterways Users Board (IWUB).
The data and analysis herein are not final, but are subject to revision as
more and better information becomes available.

The text and data are organized for the nine inland waterway segments,
delineated in the following Table A-i and Figure A-i. Definitions of terms
and highlights (summary analysis) of nine segments are given below.

II. DEFIN1ITIONS OF TERMS

The definitions of terms and features common to all nine segments are
presented below for the six elements, rather than repeating them in each of
the nine segment description.

1. Physical Characteristics of Channels and locks

a. This elemnet describes the basic characteristics of the waterway
system's channels and locks. The channel characteristics include length,
width, and depth as well as special considerations such as open river
conditions, restricted navigation, authorized but not constructed sections,
and whether a segment includes a significant waterway that is not subject to
the fuel tax. The lock characteristics include length and width of chambers,
presence of auxiliary locks, lift, and age.

)- The arnc-e for the t~ble on "Physical Characteristics of Locks" is the
report entitled Annual Report FY 85 of the Chief of Engineers on Civil
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TABLE A-1

WTE Y SEmb= DESIGNATIONS

SEG SE U WkIE4 AYS COVERED UNDER PL 95-502
NO. NAME AND PL 99-662

1. UPPER MISSISSIPPI Upper Miss. Main Stem: Minneapolis-Mouth
Missouri

2. MIDDLE MISSISSIPPI Upper Miss. Main Stem: Mouth Missouri
-Mouth Ohio

Missouri
Kaskaskia

3. LOWER MISSISSIPPI Lower Miss. Main Stem: Mouth Ohio-Baton
Rouge

McClellen-Kerr Arkansas R. System
White
Ouachita-Black
Red
Atchafalaya

4. ILLINOIS WW Illinois Waterway

5. OHIO RIVER SYSM Ohio River-Main Ster
Tennessee
Cumberland
Green & Barren
Kentucky
Kanawha
Aleheny
Monongahela

6. GULF IRAOASAL WW G1WW Main Stem: St. Marks-Brownsville
Apalachicola-Chattahoochee-Flint
Pearl

7. MOBILE R. & TRIS Alabama-Coosa
Black Warrior-Tcnbigbee-Mobile
Tennessee-Tmbigbee Waterway

8. ATLANTIC INTRAX) AL W AIW: Norfolk-Jacksonville (2 routes)
IWW: Jacksonville-Miami

9. CIIJMBIA-SNAKE W Coliibia (Above The Dalles)
Snake
Willamette (Above Portland)

A-2



zw

(Aw
'IIt

4>-

A-3



Works Activities, Appendix C: Navigation Locks and Dams Operable September

30, 1985.

2. Performance Characteristics of Locks

a. This element describes the overall performance of individual locks
functioning as components of the inland waterway system in terms of the
selected performance characteristics.

b. The source of information in this paragraph is the Lock Performance
Monitoring System (PNS), Corps of Engineers, 1986. The definitions of
relevant terms derived from the PHS User's Manual for Data Analysis,
Nov.,1985 are as follows:

Average Delay (hrs) = (Wait + Stall) / # vsls

Average Lockage Time (hrs) = App + Entry + Chbr + Exit + Trnbk / #
vsls

Average Processing Time (hrs) = Wait + App + Ent + Chbr + Ex + Trn +

Stl / # vsl

Total Delay Time (hrs) = Wait + Stall (commercial vsls only)

Stall Time 1 (hrs) = Debris in lock recesses or in lock chamber +
Lock hardware + Lock staff occupied with other duties +
Testing or maintaining lock or lock equipment

Number of Stall 1 = Same as Stall Time 1

Stall Time 2 (hrs) = Fog + Rain + Sleet or Hail + Snow + Wind + Ice
+ River current or outdraft + Condition + Flood

Number of Stall 2 = Same as Stall Time 2

Stall Time 3 (hrs) = Interference by other vessels + Tow Malfunction
or breakdown + Tow staff occupied with other duties + Tow
detained by Coast Guard and/or Corps + Collision of accident
+ Vehicular or railway bridge delay + Other

Number of Stall. 3 = Same as Stall rime 3

Total Stall Time (hrs) = Stall Time 1 + 2 + 3

Total Number of Stall = Number of Stalls 1 + 2 + 3

Percent Lock Utilization = (Hrs in Year - Idle) / Hrs in Year

Total Tonnage = See PMS 22 in the PMS User's Manual for Data
Analysis (85-UM-2)
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Total Upbourd Tonnage = See PMS 22 in the IS User's Manual for
Data Analysis (85-UM-2)

Total Downbound Tonnage = See PMS 22 in the 2S User's Manual for
Data Analysis (85-UM-2)

Total Number of Tows = See PMS 5 in the PMS User's Manual for Data
Analysis (85-UM-2)

Total Number of Upbound Tows = See PMS 5 in the PNS User's Manual
for Data Analysis (85-UM-2)

Total Number of Downbound Tows = See PMS 5 in the PMS User's Manual

for Data Analysis (85-UM-2)

Average Tons per Tow = Tons / # Tows with tonnage

Average Barges per Tow = Barges / # Tows withi Barges

3. Shallow Draft Waterway Traffic Projection Methodoloqi

The following section describes the data collected and the methodology
used to project inland and intracoastal waterway traffic through 2000. The
projections should be considered preliminary and subject to change.

The waterborne cammdity projections have been made using existing
forecasting services, data and indicators. Historic data was collected by
ccmymdity and waterway using available information fram the Waterborne
C(mexce Statistics Center. Traffic for 1965 through 1986 was tabulated and
aggregated by ccmodity group and waterway. Ten aggregated co~dity groups
were chosen:

1. Farm Products 2. Metallic Ores, Products and Scrap
3. Coal 4. Crude Petroleum
5. Norretallic Minerals/Products 6. Forest Products
7. Industrial Chemicals 8. Agricultural Chemicals
9. Petroleum Products 10. All Other

Data for these ccmxoity groups were aggregated at the national level
and for individual waterways. The waterways for which historic and projected
traffic have been prepared include to date:

1. Upper Mississippi 2. Middle Mississippi
3. Missouri 4. Lower Mississippi
5. Arkansas 6. Illinois
7. Ohio 8. Monongahela
Z9. ixnwwa.a '0. cw erland

11. Tennessee 12. Gulf Intracoastal Waterway
13. Black Warrior-Tambigbee WW 14. Atlantic Intracoastal Waterway
15. Columbia
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In order to project traffic by coamodity, growth indicators were sought
from a variety of sources. The major forecasting services-Data Resources
(DRI) and WEFA Group (formerly Wharton and Chase Econcmetrics)-were utilized
to a considerable extent. IWR contracts with MII's Transportation Service
and receives quarterly and annual reports. In addition, IWR contracted with
DRI to prepare a special analysis of the waterway system. This was the only
source of information which had projections tailored specifically to the
waterway system. Other sources of information were used to provide growth
indicators for certain industries or sectors of the economy which IWR then
adapted into waterway projections using historic relationships. Publications
from WEFA Group provided long-term forecasts for major sectors of the
econoy, plus more detailed analysis of agriculture, energy, fertilizer and
steel. IWR also drew upon published reports of the Department of Energy
(DOE), the Department of Agriculture (USDA), and the Fertilizer Institute.

Additionally, historic data from 1965-1986 by ccmmcdity group for total
U.S. Inland Waterway Traffic and total movements by waterway segment were
analyzed and used to develop projections for those areas where a correlation
between time and tonnage could be identified.

The approach taken and the sources utilized varied by ccm dity.
Generally, several sources were used to develop an envelope of low and high
projections starting from a base year. Base years were identified and
tonnage estimates made in a manner that would generate the most realistic
near-term projections for 1990. The base year tonnages were developed from
trend lines, weighted averages, straight averages, and specific years. All
base year tonnages were designated as 1986 for projection purposes. The
growth rates for each commodity and the sources from which these rates were
adapted are identified below:

CMMDITY/SCEiARIO GROWIH RATE/PERIOD/SOURCE TYPE OF INDICATOR

FAM4 PRODUCS

ILW: 3.4% 86-89. DRI Waterway CMtlk Dec 87. (Waterway traffic.)
1.5% 90-2000. ERI Industry Review Fall 87 (Food grain productivity.)

MED: 3.4% 86-90. DRI, Waterway Outlook, (Waterway traffic.)
Dec. 87.

2.3% 91-95. Same source.
1.9% 96-2000. Same source.

HIGH: 4.6% 86-90. WEFA Group, US Food & (Ratio of waterway traffic
Ag. Long Term Forecast to projected exports of
and Analysis, No. 2 1987. wheat, corn & soybeans.)

2.6% 91-2000. Same source.

MTAIU C ORES, PRODUCTS & SCRAP

LOW: -0.3% 86-90. WEFA Group, Global Steel (Ratio US steel production
Analysis, End 87 Update. to waterway metal

traffic.)
-0.4% 91-2000. Same source.
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MED: 1.5% 86-90. DPI, Waterway Outlook, (Waterway traffic.)
Dec. 87.

-0.7% 91-95. Same source.
-1.1% 96-2000. Same source.

HIGH: 4.7% 86-90. DPI Long Term Review (Growth rate for primary
Winter 87/88. metals industry.)

-0.2% 91-95. Same source.
0.0% 96-2000. Same source.

COAL

LOW: 1.9% 86-2000. DOE Annual Energy Outlook (Ratio coal production
March 88. Low case. to waterway traffic and

assunptions on waterway
share.)

MED: 2.5% 86-2000. DOE, Annual Energy Outlook (Ratio coal production to
March 88. waterway traffic and

assumptions on waterway
traffic share.)

HIGH: 3.2% 86-2000. DOE, Annual Energy Outlook (Ratio coal production
March 88. High Case. to waterway traffic and

assumption on waterway
share.)

CRUDE PETROLEUM

LOW: -4.0% 86-95. DOE, Annual Energy Outlook (Ratio US oil production
March 88. High Case. to waterway traffic.)

-1.8% 96-2000. Same source.
MED: -3.0% 86-90. DOE Annual Energy Outlook (Ratio US oil production

March 88. Low Case. to waterway traffic.)
-2.0% 91-95. Same source.
-0.6% 96-2000. Same source.

HIGH: -1.4% 86-2000. DRI Waterway Outlook Dec 87 (Waterway traffic.)

NONMETALIC MINERAIS AND PRODUCTS

LOW: -1.6% 86-91. DRI, Waterborne Traffic (Waterway traffic.)
Outlook, Dec. 86.

0.3% 92-2000. ERI, Interindustry Review (Growth rate for public
Spring 86. works projects.)

MED: 0.5% 86-2000. IWR, National Waterways (Waterway traffic.)
Study, 1983, Medium Case.

HIGH: 1.0% 86-90. IWR, National Waterways (Waterway traffic.)
Study, 1983, High case.

0.5% 91-2000. Same source.

FOREST PRODUCTS

LOW: 1.9% 86-90. DRI, US Long Term Review (Growth index for lumber
Winter 87/88. and wood products.)

0.8% 91-95. Same. source.
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1.2% 96-2000. Same source.
MED: 2.7% 86-92. WEFA Group, US Long Term (Growth index for logging

Economic Outlook, ist Qtr and lumber.)
88.

1.3% 93-2000. Same source.
HIGH: 6.3% 86-90. IRI Waterway Outlk Dec 87. (Waterway traffic.)

0.3% 91-95. Same source.
1.1% 96-2000. Same source.

INDUSTRIAL CHEMICAIS

LOW: 1.7% 86-2000. DRI Waterborne Traffic (Waterway traffic.)
Outlook, Dec. 86.

MED: 2.8% 86-2000. IWR, National Waterways (Waterway traffic.)
Study, 1983.

HIGH: 3.5% 86-2000. ERI, Interindustry Review (Growth index for chemical
Spring 86. industry.)

AGRICULTURAL CHEMICATS

DOW: 0.3% 86-90. WEFA Group, US & World (Growth rate for farm
Fertilizer Service, 1987. fertilizer use.)

2.8% 91-95. Same source.
2.1% 96-2000. Same source.

MED: 1.5% 86-90. Fertilizer Institute, Long (Growth rate for
Range Future of North fertilizer consumrption.)
American Fertilizer, May
1987.

3.0% 91-2000. Same source.
HIGH: 4.2% 86-92. [RI Waterway Outlk Dec 87. (Waterway traffic.)

3.1% 93-2000. Same source.
PEIOIELJM PRODUCTS

LaW: 0.7% 86-90. DOE Annual Energy Outlook, (Ratio of US consumption
4arch 88. Low Case. to waterway traffic.)

0.1% 91-2000. Same source.
NED: 2.0% 86-90. ERI Waterway Outlook, Dec (Waterway traffic.)

87.
0.4% 91-2000. Same source.

HIGH: 2.8% 86-90. DOE Annual Energy Outlook, (Ratio of US consumption
March 88. High Case. to waterway traffic.)

0.9% 91-95. Same source.
0.8% 96-2000. Same source.

ALL OTHER CMDITIES

LOW: -2.4% 86-2000. Historic rate. (Aver-age 1975-198 5.
MED: -1.1% 86-2000. DRI Waterborne Traffic Out- (Waterway traffic.)

look, Dec 86.
HIGH: 0.7% 86-2000. Historic rate and NWS. (Average 1978-1985.)
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The projections resulting frai application of the above growth rates by
comMOdity and trend analysis can be seen by commodity in Figures 2 through 12
at the end of this section.

WATERKAY PRJECIONS

Once national level projections by commodity had been generated, these
figures were disaggregated down to individual waterways based on several
factors including time series data, historic -hare by com-odity, and trends
in that share. Generally, each waterway's weighted average share of 1984-86
traffic by cumodity was used to calculate that waterway's projected traffic
for the same cxmmodity. The exceptions are farm products and coal. For farm
products each waterway's straight average of 1984-86 traffic was used to
calculate its share of the national total. This share was then used to
apportion national projected farm products traffic by waterway. For coal,
each waterway's 1986 share of total 1986 coal mvements was used due to
recent rapid growth. This was an attempt to capture recent shifting shares
for coal traffic. A further exception was made for the Monongahela, and
Cumberland rivers, whose traffic levels were distorted in 1986. For these
rivers a multiyear average share was used. Once a projection envelope was
established for each waterway it was centered alternatively on the 1986
actual value and on the linear trend value on those waterways showing a
significant linear trend over time. THe resulting maximum high and minimum
low values were used as the final waterway projections. Projections for
individual waterways are shown in Table A-2 at the end of this section.

As discussed earlier, historical data was analyzed and used for making
projections for the total U.S. waterway system and for segments where a
correlation between time and tonnage could be identified.

4. Oerations and Maintenance Costs

a. This element presents the O&M costs, ton-miles and costs per ton-
mile for nine segments of waterways and for waterways in each sement for the
period of 1977 through 1986. In essence, the O&M cost per ton-mile shows the
unit cost of operating a waterway .

b. The data source is the Navigation Cost Recovery Data Base System
(NCRDBS), Corps of Engineers, 1986. Cammercial navigation O&M costs are
defined as those O&M expenditures for coumercial navigation incurred by the
Corps of Engineers on water resources projects which have navigation as an
authorized purpose. These navigation costs include costs related to
dredging, lock operations, major maintenance, other maintenance, and major
rehabilitation. In single purpose navigation projects, recreation navigation
costs are excluded fr. O&M cots. The included costs appli;cable to .1tiple
purpose projects that contribute to navigation's O&M costs may pertain to
projects on the fuel taxed waterway, such as on the Cumberland River, or
upriver or on a tributary, such as on the Missouri River.

c. On the inland waterways there are 52 multiple purpose projects with
navigation as an authorized purpose. For about 40 of those projects joint
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costs have been allocated to navigation and other purposes, but for the other
10 projects there is no cost allocation formula. For multiple purpose
navigation projects where costs have been allocated for reimbursable
purposes, navigation costs include those that are specific to commercial
navigation and those joint use costs allocated to navigation by the latest
official cost allocation formula. The amount of joint costs varies from
project to project and from year to year. The percentages in the cost
allocation formula for navigation and other purposes vary from project to
project, with the percentage for navigation ranging from about 1% to about
40%, but the percentages in each project's formula are fixed and do not
change fran year to year. In the NCRBDS for multiple purpose navigation
projects where project costs have not been allocated, certain cost accounts
are designated as navigation specific; same are designated as expenditures
made for other specific purposes; and all other cost accounts are designated
as joint use costs. In the NCRDBS 10% of these joint costs are assigned to
navigation. Of the 30 waterways in the nine segments being studied here, 14
waterways have no multiple purpose nor Mississippi River and Tributaries
(MR&T) projects, nine waterways have only one or two projects, and seven have
four to nine projects. The Arkansas River system includes seven multiple
purpose projects with navigation and the Missouri River has nine projects.

d. For the MR&T project construction costs are included with maintenance
costs in NCRDBS because the MR&T's construction is long term and continuing
like maintenance. Dikes and dredging are considered to be navigation and
revetments are considered as joint costs. However, in NCDqBS 33% of MR&T
joint costs are assigned to navigation. In this report the MR&T Old River
costs have been used for the Atchafalaya River (segment 2) and the remainder
have been used for the Mississippi River fran the Ohio River to Baton Rouge
(segment 3). Although the MR&T project extends into the Mississippi River
fran the Missouri River to the Ohio River (segment 2), only conventional
maintenance costs and no MR&T costs are used here for that waterway.

5. Pgxqram Status
a. In the waterway segment section, this element describes the status

of planning and design studies and rehabilitation and construction work, the
year when work started and was or is scheduled to be completed, the total
cost and the amount to be drawn from the Inland Waterway Trust Fund for the
work, funding allocations through FY 1987, percent of work complete through
FY 1987 based on allocations, and the FY 1988 budget request. The narrative
also provides some explanation or justification for a study or project such
as a problem being studied or corrected, basic features of the new project,
or work that has been accomplished thus far, particularly as it relates to
project operation.

b. Data sources.

(1) U.S. Army Corps of Engineers, Congr essional Su cission

Justification Data, Fiscal Years 1988 and 1989;

(2) U.S. Army, Office of the Assistant Secretary, Annual Report FY
1985 of the Secretary of the Army on Civil Works Activities;
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(3) U.S. Anry Corps of Engineers, Water Resource Development by the
Corps of Engineers (in various states), 1981 and 1985; and

(4) U.S. Army Corps of Engineers, Office of the Chief of Engineers,
Civil Works Directorate, Operations-Readiness, Planning, and
Programs divisions, Current Status Information on Planning Studies
and Rehabilitation and Construction Projects, June 1987.

c. Status codes.

The codes in the tables on "Status of Construction, Rehabilitation, and
Studies" are listed below:

C = Construction

R = Rehabilitation

S = Study

Studies include reconnaissance and feasibility surveys; preconstruction
engineering and design (PED); condition; and project review studies.
Navigation my be a purpose studied as part of flood damage prevention and
comprehensive studies.

INA = Identified, not authorized

AS = Authorized, starting

ANS = Authorized, not started

2 = Continuing, funded

CNF = Continuing, not funded

C = Completed
Program codes C, R, and S are used in combination with six status codes,

thus, Construction - Authorized, not started is coded as C-ANS.

c. Abbreviations

UNK = Unknown

6. Lock Capacity Characteristics

a. This element describes the "range" of lock capacity and percentage
of "capacity used", both historical and projected.

b. The source of "capacity range" is National Waterways Study-A
Framework for Decision Makix-Final Report, Appendix D: National Waterways
Reach Summlries, Institute for Water Resources, January 1983. "Capacity
Range" numbers were originally reviewed by the districts during the National
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Waterways Study. Although they were reviewed again by the districts in
August 1987 and in March and simmer of 1988, lock capacity data are
preliminary and subject to revision. Historical tonnages (1977-1987) at
locks are frcm lock PMS data and are presented to give an historical
perspective. No projection of lock "capacity used" is presented at this
tine.
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TABLE A-2

U.S INTERNAL WATERWAY TRAFFIC PROJECTIONS

BY SEGMENT: LOW AND HIGH, 1990, 1995 AND 2000

(MILLIONS OF TONS)

SELECTED I ACTUAL 1990 1 1995 2000 GROWTH RATE

WATERWAY SEGMENTS I 1986 1 LOW IHIGH I LOW IHIGH I LOW IHIGH I LOW I HIGH
_______________________I ________I__I__I I ,

UPPER MISSISSIPPI 73.7 82.5 92.0 87.6 102.1 93.3 112.4 1.7% 3.1%

MIDOLE MISSISSIPPI 97.7 106.3 117.4 112.9 130.3 120.3 144.8 1.5% 2.9%
MISSOURI R. 7.0 6.8 7.6 6.5 8.5 6.2 9.4 -0.9% 2.1%

LOWER MISSISSIPPI 156.2 168.5 187.8 178.3 209.6 189.5 234.0 1.4% 2.9%
ARKANSAS R. 8.4 8.9 11.5 9.1 13.5 9.6 15.5 1.0% 4.5%

ILLINOIS WATERWAY 42.3 44.5 49.9 47.2 54.9 50.1 60.1 1.2% 2.5%
OHIO RIVER SYSTEM 222.2 232.3 254.2 248.2 288.1 266.8 327.0 1.3% 2.8%

OHIO R. MAINSTEN 195.6 204.1 224.3 217.7 253.9 233.7 287.7 1.3% 2.8%

MONONGAHELA R. 29.5 38.5 42.1 40.5 48.6 43.1 56.2 2.7% 4.7%

KANAWHA R.* 16.8 18.1 21.4 19.5 24.6 21.2 28.4 1.7% 3.8%
CUMBERLAND R.* 14.2 15.7 18.0 16.2 20.8 17.0 23.7 1.2% 3.5%

TENNESSEE R. 39.6 41.3 44.4 44.0 50.1 47.1 56.6 1.2% 2.6%

GULF INTRACOASTAL W 105.7 102.0 112.4 99.9 121.3 101.7 131.0 -0.3% 1.5%

BLK WARRIOR-TOMBIGBEE 17.9 22.1 24.1 23.6 26.9 25.3 30.2 2.5% 3.8%

ATLANTIC INTRACOASTAL 4.4 4.7 5.2 5.2 6.5 5.7 8.1 1.9% 4.5%

COLUMBIA R. 14.1 15.8 21.5 16.4 22.6 17.3 24.7 1.5% 4.1%

US TOTAL INTERNAL 560.5 572.7 622.3 591.6 681.6 620.1 748.2 0.7% 2.1%

* KANAWHA TOTAL SHOWN IS 1986 DATA FROM WCSC. OHIO RIVER DIVISION ESTIMATES ACTUAL TONNAGE AT 18.2

MILLION. CUMBERLAND TOTAL SHOWN IS 1985 DATA. PRELIM. 1987 DATA FROM WCSC SHOW 16.1 MILLION TONS.

PROJECTIONS CALCULATED BY CEWRC-IWR USING:
1) NATIONAL GROWTH RATES BY COM4ODITY GROUP ADAPTED FROM DRI, EFA, USDA, DOE, IWR.

WATERWAY SEGMENT PROJECTIONS BASED ON AN AVERAGE SHARE OF COMODITY TRAFFIC FROM NATIONAL

PROJECTIONS, WHICH VARIED BY WATERWAY DEPENDING ON HISTORIC PATTERNS AND COMOOITY GROUP.

PROJECTIONS ARE PRELIMINARY AND SUBJECT TO REVISION.

2) LINEAR ADJUSTED PROJECTIONS CALCULATED BY ADDING THE DIFFERENCE (POSITIVE OR NEGATIVE) BETWEEN THE

ORIGINAL BASE AND THE LINEAR ADJUSTED BASE TO EACH PROJECTED NUMBER. LINEAR ADJUSTED BASE IS 198z6 CALCULATED
VALUE USING LINEAR TREND ANALYSIS FOR 1965-1986 DATA BY WATERWAY AND FOR THE NATIONAL TOTAL. ONLY SELECTED

WATERWAYS WERE CALCULATED BECAUSE OF A LACK OF DATA OR BECAUSE HISTORIC DATA EXHIBITED NO LINEAR RELATIONSHIP

OVER TIME.

3) TREND PROJECTIONS BASED ON LINEAR REGRESSION ANALYSIS OF TIME SERIES TONNAGES FROM 1965-1986, AND ARE ONLY

SHOWN FOR THOSE SEGMENTS WHICH DISPLAYED A LINEAR RELATIONSHIP OVER TIME.

4) FOR WATERWAYS WITH NONLINEAR HISTORIC DATA OR INCOMPLETE DATA, TWO STANDARD DEVIATIONS OF THE HISTORIC

DATA WERE CALCULATED. THIS RANGE WAS THEN APPLIED TO MEAN VALUES OF THE HIGH AND LOW PROJECTIONS TO GENERATE

NEW PROJECTIONS FOR THE YEAR 2000. INTERMEDIATE PROJECTIONS WERE THEN INTERPOLATED.

5) THESE WATERWAY PROJECTIONS ACCOUNT FOR THE MAXIMUM RANGE OF FORECASTS, LOW TO HIGH, CALCULATED BY USING
ALL OF THE ABOVE TECHNIQUES.
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FIGURE A-2

U.S. TOTAL INTERNAL WATERBORNE COMMERCE
HISTORIC 1950-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-3
U.S. INLAND WATERWAY

FARM PRODUCTS TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-4
U.S. INLAND WATERWAY

METALLIC ORES, PRODUCTS & SCRAP TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-5
U.S. INLAND WATERWAY
COAL TRAFFIC

HISTORIC 1965--1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-6
U.S. INLAND WATERWAY

CRUDE PETROLEUM TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-7
U.S. INLAND WATERWAY

NONMETALLIC MINERALS & PRODUCTS TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-8
U.S. INLAND WATERWAY

FOREST PRODUCTS TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-9
U.S. INLAND WATERWAY

INDUSTRIAL CHEMICALS TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-10
U.S. INLAND WATERWAY

AGRICULTURAL CHEMICAL TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-11
U.S. INLAND WATERWAY

PETROLEUM PRODUCTS TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-12
U.S. INLAND WATERWAY

ALL OTHER COMMODITIES TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990. 1995 AND 2000
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SBEeT NUMBER 1
UPPER MISSISSIPPI

1. PHYSICAL CHARACERISTICS.
a. Channels (Figure A--1). The Mississippi River between the Missouri

River and Minneapolis has been improved for navigation by a system of 28 locks
and dams. The nine foot deep channel stretches 663 miles fran mile 145 to
mile 858 at the head of navigation with the project width being 200 feet up to
lock and Dam 22 (mile 301.2), with none specified for further upriver. The
dams are spaced at irregular intervals varying from about 10 to 46 miles with
the average pool length being 25 miles. The navigation season is restricted
by river ice to between early April and late November in the upper portion and
between late March and late December in the lower portion. The Minnesota, St.
Croix, and Black Rivers are tributariesqith 9-foot navigation, although
traffic on these rivers is not subject to the inland waterway fuel tax. The
Federal Government maintains a 9-foot channel on the lower 14.7 miles of the
Minnesota River; private interests maintain 9-foot depths an additional 7
miles upstream. The St. Croix River provides 9-foot navigation to river mile
24.5. The Black River's 9-foot project extends to mile 1.4. None have any
locks.

b. Locks (Table A-1-1). At most sites a main lock of 600 feet long by 110
feet wide has been constructed. However, there are several exceptions. St.
Anthony Falls Upper and Lower Locks have single locks of 400 by 56 feet while
locks and Dam 1 has twin locks of 400 by 56 feet. Lock and Dam 19 has a 1200
by 110 foot chamber. Auxiliary locks are found at three sites in two sizes,
360 by 110 feet at Locks and Dams 15 and 26, and 320 by 80 feet at Locks and
Dam 14. In addition, the standard 600 by 110 foot locks are usually
acccmpanied by the upper gate bay of a 360 by 110 foot auxiliary lock that can
be completed when required by traffic. A lock at L&D No. 2, opened in 1930,
is inoperable. The lift of the locks varies from 5 to 49 feet with an average
lift of 13 feet. The locks are from 48 to 66 years old. A rehabilitation
program is underway which has ccpleted work on three chambers and is
scheduled to complete rehabilitation on nine other locks by 1994.

2. PERFDMANCE CHARACTERISTICS (Table A-1-2).
The 1987 total average processing time ranged anywhere from 25 minutes to

961 minutes (16 hours). Fourteen locks exceeded the median value of 116.5
minutes. Total peak average processing time for the 1980-1987 time period
ranged from 35 minutes (1982) at Upper St. Anthony's Falls to 1,272 (1980) for
Lock and Bn 26 Mn. Chamber. The highest total peak average processing time
during the 1980-1987 time period was 1,272 minutes (21.2 hours) in 1980 for
lock and Dam 26 Mn. Chamber. The 1987 total delay ranged from 25 hours (Upper
St. Anthony's Falls) to 56,165 hours (Lock and Dam 26 Mn. Chamber). The
median value of total delay is 1871 hours. Total delay generally tends to
increase as you move downstream. The peak total delay for the 1980-1987 time
period ranged from 316 hours (1980) for Upper St. Anthony's Falls to 165,274
hours (1980) for Lock and Dam 26 Mn. Chamber. Lock utilization for 1987
ranged for 15% to 97%. The median lock utilization value was 46% and most of
the locks were concentrated around this value. The peak utilization data for
the 1980-1987 period ranged from 41% (1986) for Lower St. Anthony's Falls to
97% (1987) for Lock and Dam 26 Mn. Chamber. Total downtime for 1987, ranged
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from 0 hours to 692 hours. The median value is 29 hours and half the locks
had downtime quite in excess of this median. The total peak downtime for the
1980-1987 time period varied from 26 hours in 1986 at Upper St. Anthony's
Falls to 2,508 hours in 1984 at 109k and Dam 19. Total stall events ranged
from 0 to 290, and the median value is 16 stall events. The peak for total
stall events from 1980 through 1987 ranged from 17 at Lock and Dam 5a in 1983
to 721 at Lock and Dam 26 in 1984.

3. COMMDTY TRAFFIC (Tables A-2, A-I-3A,-4); (Figures A-1-2,-3).
a. Historical. Between 1975 and 1983 waterborne comnerce on the Upper

Mississippi River between the mouth of the Missouri River and the head of
navigation at Minneapolis grew from just over 63 million tons to a peak of
84.1 million tons. Traffic was just over 72 million tons in 1985, primarily
due to a decline in grain and oilseed movements. The 1986 traffic increased
to 73.7 million tons, largely due to a jump in coal traffic. By way of
historic caparison, traffic in 1970 was 53.8 million tons. The primary
ccmmodities are grains and oilseeds, petroleum products and coal. Other
agricultural products and non-metallic minerals and products are also
important. Grain and oilseed traffic grew from less than 25 million tonis in
1975 to a peak of 43.7 million tons in 1983, when it accounted for 52 percent
of the tonnage on the Upper Mississippi. With the decline in grain exports
from the United States, grain and oilseed traffic dropped back to 29.4 million
tons in 1985. Petroleum products traffic has shown a long-term gradual
decline from 11.9 million tons in 1975 to 9.8 million tons in 1985, but
increased slightly to 10.3 million tons in 1986. The volume of coal traffic
over the last decade has been erratic, from a low of 6.1 million tons in 1981
to a high of nearly 11 million in 1986.

b. Forecast. Between 1986 and 2000, waterborne commerce on the Upper
Mississippi is projected to increase from 73.7 million tons to between 93.3
and 112.4 million tons by 2000. These projections compare with the historic
annual growth rate of 1.4 percent during the 1975-86 period. Accounting for
nearly half (45 percent) of all tons in 1986, farm products make up the major
commodities influencing future traffic forecasts. Recent increases in grain
exports are projected to be sustained, resulting in a higher growth rate in
the near term and a slower rate in the out-years.

c. TonnaQes at Locks. Based on average annual percent change during the
period of 1977-1987 average annual tonnage increase at individual locks varied
from 0.4% (Lock and Dem 2) to 4.3% (Locks and Dams 14 and 17). For 1977-1987
period two locks showed a decline in tonnage (Lower St. Anthony Falls, -0.7%
and Lock and Dam 1, -6.3%) per annum. Actual tonnage increases during the same
period ranged from 0.4 million tons (Lock and Dam 2) to 13.2 million tons
(Lock and Dam 26). Total tonnage at each lock in 1987 ranged from 0.8 million
tons at Upper St. Anthony Falls to 69.3 million tons at Lock and Dam 26.

A. ODpD7kTTf ! AVIMh MAT11f T 7r M I'Tr g C= IM1--1p 7, I 1

O&M costs in actual dollars increased from about $26 million in 1977 to
about $53 million in 1986. That was about a 21% increase in real terms when
inflation (about 68%) during the same period was taken into account. Traffic
increased from about 11 billion ton-miles in 1977 to about 13 billion ton-
miles in 1986. O&M cost per ton-mile rose slightly from 2.3 mills in 1977 to
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4.2 mills in 1986 (3.0 mills in real terms) This segment ranks the seventh
lowest in cost per ton-mile of all nine segments.

5. PROGRAM STATUS (Table A-1-6).
a. Locks and Dam 26 will be replaced in June 1989 by a new dam and lock

1200 feet long and 110 feet wide. The $748.6 million project is 75 percent
complete and will be 82 percent complete with funds requested for FY 1989. In
addition, a second lock 600 feet long and 110 feet wide that was authorized in
1986 is scheduled to be operational by 1992 at an estimated cost of $213
million. It is 6 percent complete and will be 12 percent complete with funds
requested for FY 1989. Significant work in 1988 on the dam and main lock
include continuation and completion of the lock and dam second stage and
initiation and completion of the cofferdam third stage and Burlington Northern
Railroad Bridge relocation (about 70% of costs). Construction begins on the
second lock in 1989 following engineering and design in 1988.

b. Above its confluence with the Illinois Waterway, navigation
improvements on the Upper Mississippi River are in the form of major
rehabilitation and major maintenance rather than construction of additional or
replacement locks. However, the 50 to 53 year old standard 600 by 110 foot
locks are usually accompanied by the upper gate bay of a 360 by 110 foot
auxiliary lock that can be canleted when required by traffic.

(1) The St. Paul District started rehabilitation in 1987 of Locks and
Lams 3, 5A, 6, 7, 8, and 9 for a total cost of $32.2 million. The work is 13
percent complete and will be 25 percent cmplete with funds requested for FY
1989. The work involves replacement and/or refurbishing the mechanical and
electrical system and includes systems that operate the lock gates, the
valves that control the locks water level, and the dam's movable gates. In
1982 the district ccmpleted for $44.6 million rehabilitation of Locks and Dam
1, whose twin 400 by 56 foot chambers are 56 and 71 years old.

(2) From 1986 through 1990 the Rock Island District is
rehabilitating Locks and Dams 20, 21, and 22 at respective costs of $38.4,
$13.8, and $15.1 million. The projects are respectively, 39, 41, and 40
percent coplete and will be 56, 98, and 89 percent complete with funds
requested for FY 1989. The work involves rehabilitation of the locks, lock
gates, and lock machinery and equipment; rehabilitation of the dams roller and
tainter gates and emergency bulkheads; and scour protection downstream of the
dam. In 1980 and 1982 the district completed rehabilitation of the auxiliary
chambers at Locks and Dams 14 and 19 for a total cost of $13.0 million,
resulting in the latter being closed.

c. The Upper Mississippi River System Environmental Management Program
includes long term resources monitoring (LTRM) with ccmpterized inventory and
analysis, habitat rehabilitation and enhancement projects, recreation
improvements and studies, and traffic monitoring in the states of Illinois,
Iowa, Minnesota, Missouri, and Wisconsin (Thus, this project also applies to
the Middle Mississippi River segment). The 206.0 million project is scheduled
for completion in 1997, except for the recreation component, which is
unscheduled. The project is 4 percent couplete in 1988 and will be 7 percent
complete with funds requested for FY 1989.
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6. LOCK CAPACITY MARACI STICS (Table A-1-7).
The source of capacity range is National Waterways Study - A Framework for

Decision Making - Final Report, Appendix D, National Waterways Reach
Sunmaries, Institute of WateL- Resources, January 1983. Capacity range values
were again reviewed by the districts in 1987 and 1988. Historical tonnages
are fran lock EM data and is also fram Table A-1-4.
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TABLE A-i-I
SEGMENT NUMBER 1
UPPER MISSISSIPPI

PHYSICAL CHARACTERISTICS OF LOCKS

CHAMBERS

WATERAY/LOCK RIVER YEAR AGE AS WIDTH LENGTH LIFT

NAME OR NUMBER MILE OPENED OF 1988 (FEET) (FEET) (FEET)
Upper St. Anthony Falls 853.9 1963 25 56 400 49
Lower St. Anthony Falls 853.3 1959 29 56 400 25
No. 1 847.6 1930 58 56 400 38

- 1932 56 56 400 38
No. 2 815.0 1930* 58 110 500 12*

-- 1948 40 110 600 12
No. 3 769.9 1938 50 110 600 8
No. 4 752.8 1935 53 110 600 7
No. 5 738.1 1935 53 110 600 9
No. 5a 728.5 1936 52 110 600 5
No. 6 714.0 1936 52 110 600 6
No. 7 702.0 1937 51 110 600 8
No. 8 679.0 1937 51 110 600 11
No. 9 647.0 1938 50 110 600 9
No. 10 615.0 1936 52 110 600 8
No. 11 583.0 1937 51 110 600 11
No. 12 556.0 1938 50 110 600 9
No. 13 522.0 1938 50 110 600 11
No. 14 493.9 1939 49 110 600 11

493.3 1922 66 80 320 11
No. 15 482.9 1934 54 110 600 16

-- 1934 54 110 360 16

No. 16 457.2 1937 51 110 600 9
No. 17 437.1 1939 49 110 600 8
No. 18 410.5 1937 51 110 600 10
No. 19 364.2 1957 31 110 1200 38
No. 20 343.2 1936 52 110 600 10
No. 21 324.9 1938 50 110 600 10
No. 22 301.2 1938 50 110 600 10
No. 24 273.4 1940 48 110 600 15
No. 25 241.4 1939 49 110 600 15
No. 26 202.9 1938 50 110 600 24
No. 26 202.9 1938 50 110 360 24
No. 26 (under constr.) 200.8 1989 -- 110 1200 24
No. 26 (under constr.) -- 1992 - 10 600 24

Source: Annual Report FY86 of the Secretary of the Army on Civil Works
Activities, Volume II, Appendix C: Navigation Locks and Dams Operable
September 30, 1986.
* Not operable at this time.
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FIGURE A-1 -2
SEGMENT NUMBER 1

UPPER MISSISSIPPI RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-i1986
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FIGURE A-1--3
SEGMENT NUMBER 1

UPPER MISSISSIPPI RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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SEGMENT NUdMBER 2
MIDDLE MISSISSIPPI

1. PHYSICAL CIARACIRISTICS.
a. Channels (Figure A-2-1). This segment includes the Mississippi River

from the mouth of the Missouri River to the mouth of the Ohio River (195
miles), the Missouri River from Sioux City, Iowa, to its mouth (735 miles),
and the Kaskaskia River frm Fayetteville, Illinois, to its mouth (36 miles).
The project depth is 9 feet. Project channel widths on the Mississippi River
are 300 feet north to St. Louis and 200 feet from St. Louis to the Missouri
River. T-hey are 225 feet on the Kaskaskia River and 300 feet on the Missouri
River, except for a 250 foot limitation from Miami to the mouth. Upstream
dams and lakes provide regulated flows for navigation on tie Missouri and
Kaskaskia Rivers. The navigation season is the entire year on the middle
Mississippi and Kaskaskia Rivers except for unusually cold periods. The
navigation season on the Missouri River is normally restricted to eight months
from 1 April through 30 November. Water flow under drought conditions may be
insufficient to maintain authorized channel dimensions.

b. Locks (Table A-2-1). There are no locks on the Missouri River. There
are only two lock sites in this segment. Locks and Dam 27 on the Mississippi
River at St. Louis has two chambers of 1200 by 110 and 600 by 110 feet with a
24 foot lift. Kaskaskia Lock is 600 by 84 feet with a 32 foot lift. Dikes
and revetments on the Mississippi River below Locks and Dam 27 and on the
Missouri River restrict the rivers and help maintain the channel and operating
depths. The lock facilities are 35 and 15 years old respectively.

2. PERFORMNCE CHARACERISTICS (Table A-2-2).
The 1987 total average processing time ranged from 83 minutes (1.38 hours)

to 88 minutes (1.47 hours). For the two locks in this segment, the median
value is 85.5 minutes. Total peak average processing time for the 1980-1987
time period ranged from 83 minutes at Kaskaskia in 1987 to 118 at Lock and Dam
27 Main Ciamber in 1985. The highest total peak average processing time for
the 1980-1987 time period was 118 minutes (1.97 hours) at Lock and Dam 27 Main
Chamber in 1985. The 1987 total delay for the two locks in this segment
ranged from 289 hours to 9,125 hours. The median value of total delay is
5,356 hours. The peak total delay for the 1980-1987 time period ranged from
1,587 hours at Kaskaskia in 1987 to 13,520 hours at Lock and Dam 27 Main
Chamber in 1985. Given that there are only two locks in this segment the
highest peak total delay was 13,520 hours for Lock and Dam 27 Main Camber in
1985. Lock utilization for 1987 rcmged from 11% to 62%, and the median value
is 26.5%. The peak utilization from 1980 through 1987 ranged from 13% (1985)
at Kaskaskia to 65% (1985) at Lock and Dam 27 Main Chamber. Between the two
locks, the highest peak utilization for the 1980-1987 time period was 65% in
1985 at Lock and Dam 27 Main Chamber. Total downtime for 1987 varied from 246
hours to 1558 ha-s. Th- -dian da-'ti a value is 902 hours. The total peak
downtime for the 1980-1987 time period ranged frm 1,532 hours (1980) at Lock
and Dam 27 Main Ciamber to 1,558 hours (1987) at Kaskaskia. In this segment,
the highest peak total downtime from 1980 through 1987 occurred at Kaskaskia
in 1987 (1,558 hours). Total number of stall events for the two locks in this
segment for 1987 ranged from 6 to 55, and the median value is 31. The peak
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total number of stall events from 1980 through 1987 varied from 23 in 1985 at
Kaskaskia to 123 in 1981 at Lock and Dam 27 Main Chamber. Between the two
locks in the segment, the highest number of stall events for the 1980-1987
tine period occurred at Lock and Dam 27 Main Chamber in 1981 (123 stall
events).

3. OOMMDDITY TRAFFIC (Tables A-2, A-2-3A,-3B,-4) ; (Figures A-2-2A,-2B,-3A, -
3B).

a. Historical. Waterborne ccmrerce on the Middle Mississippi River
between the mouth of the Missouri and the mouth of the Ohio grew from 71.5
million tons in 1975 to a peak of 103.6 million tons in 1984, before dropping
back to 92.7 million tons in 1985. Tonnage recovered to 97.7 million in 1986,
an increase of 5.4% over the previous year. The peak achieved in 1984 was
largely attributable to grains and oilseeds, which accounted for 42 percent of
the traffic in that year. Grain and oilseed traffic has since declined to 32
million tons in 1986 reflecting to the overall decline in U.S. grain and
oilseed exports before turning around in 1987. Coal tonnage has shown
considerable growth, increasing from a low of 8.6 million tons in 1978 to a
new peak of 21.5 million tons in 1986. Petroleum products are also important
on the Middle Mississippi, but tonnages have generally declined over the last
decade. Peak tonnage of 10.7 million in 1976 fell slowly to around 8 million
tons in 1985 before recovering to 8.7 million tons in 1986, the highest level
since 1981. Traffic in non-metallic minerals has grown from less than 4.8
million tons in 1975 to nearly 8.4 million tons in 1986. In addition to
grain, the movement of other agricultural products are also significant on the
Middle Mississippi, as are movements of agricultural chemicals.

Traffic on the Missouri River over the past decade has varied between a low
of 4.9 million tons in 1982 and a high of 7.9 million in 1978. Tonnage in
1986 was nearly 7 million. The primary commodities include non-metallic
minerals and products (64 percent of total traffic in 1986), grains and
oilseeds, and agricultural chemicals.

b. Forecast. Waterborne camnerce on the Middle Mississippi segment is
projected to increase from 97.7 million tons in 1986 to between 120.3 and
144.8 million tons by 2000. Accounting for over 41 percent of all tons in
1986, farm products form the major commodity group influencing future traffic
forecasts. Because of the uncertainty of agricultural policy in the U.S. and
abroad, future grain exports could vary greatly. An important element in
forecasting Middle Mississippi traffic is the fact that a significant share is
through traffic originating and destined elsewhere. Therefore projections for
this segment are highly dependent on economic conditions elsewhere.

Between 1986 and 2000, waterborne commerce on the Missouri River is
expected to grow from weighted base year traffic of 6.8 million tons to
between 6.2 and 9.4 million tons by 2000. This projection is adjusted to take
into account historic wide fluctuations in traffic on this river. The

rwt rate fr 7 was 1.1 Account-ing for well
over half of all tons in 1986 (64 percent of traffic), nonmetallic minerals
and products (mostly sand and gravel) make up the major commodity group
influencing future traffic forecasts.

A-2-2



c. Tonnage at Locks. Based on average annual perent change during the
1977-1987 period average annual tonnage increase at Lock and Dam 27 was 2.0%
and Kaskaskia had an increase of 9.1%. Lock and Dam 27 actual tonnage has
risen 13.8 million tons and Kaskaskia 1.8 million tons, respectively during
the 1977-1987 period. However, Kaskaskia tonnage in 1987 was 3.1 million
tons, down fran 3.8 million tons in 1985.

4. OPERATION AND MAINTENANCE COSTS (Table A-2-5).
O&M costs for 1986 exceeded that for 1977 by about $1.4 million (or 8

percent). That is about a 42% decline in real terms when adjusted for about
68% inflation from 1977 to 1986. During the pericd of 1980 to 1985 the O&M
costs ranged about $12 million to about $21 million in actual dollars. Traffic
increased fram about 14 billion ton-miles in 1977 to about 18 billion ton-
miles in 1986. O&M cost per ton-mile decreased fran 1.2 mills (in 1985) to
1.0 mills (in 1986). The segment ranked the second lowest in cost per ton-
mile of all nine segments.

5. PROGRAM STATUS (Table A-2-6).
a. The project on the Mississippi River between the Ohio and Missouri

Rivers (Regulating Works) involves construction of improvements, such as
channel realignments, dikes, and revetments, to reduce bank erosion and to
improve the nine-foot channel for dependable year-round navigation.
Construction began in 1910 and is scheduled to be ccmlete in 2000 at an
estimated total cost of $187 million. The project is 63 percent complete and
will be 66 percent canplete with funds requested for FY 1989.

b. The Missouri River, Yankton (South Dakota) to the Mouth, study is a
multipurpose study of the basin. The $2.3 million study authorized in 1959
may be started if a sponsor is obtained. It was submitted for deauthorization
in September 1987. The study is in response to concerns of the lower basin
states regarding possible future diversions of water upstream and impacts on
navigation, hydroelectric power generation, stream degradation, flood
protection by levees, recreation, and fish and wildlife.

6. LOCK CAPACTY CHARACTERISTICS (Table A-2-7).
The source of capacity range is National Waterways Study - A Framework for

Decision Makinr - Final Report, Appendix D, National Waterways Reach
Summaries, Institute of Water Resources, January 1983. Capacity range values
were again reviewed by the districts in 1987 and 1988. Historical tonnages
are fram lock 1l data and is also from Table A-2-4.
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TABLE A-2-1
SBGME42 NUMBER 2
MIl)E MISSISSIPPI

PHYSICAL CHARACTERISTICS OF LOCES

CHAWERS

WAMOM/MM RIVER YEAR AGE AS wIDI IENfLIFT
NME M N MILE OPENED OF 1988 (FEET) (FEE) (FEET)

LAD 27 Main dlaker 185.1 1953 35 110 1200 21
LAD 27 Aux. chaxber 185.1 1953 35 110 6a) 21
Kaskaskia 0.8 1973 15 84 600 32

Source: Amail -Bq=t FY86 of the Secretary of the Army on Civil Works Activities,
Volume IT, Appendix C: Navigation Locks and Dams Operable September 30, 1986

A-2-5



100

0 
+

Up1

LUL

4C .N +

C F+

-; L .- u> 4

.jch * aa00
1j&AI = - (-

>~

00n

c-c L W> c1o4

00

(A W 'No
LU (3 (AAt UL

LU * z 0.' tN us >.~ U LP

'A~ W LU3 -

z +
LU :lu A a C I

z* M

. A

U ~ ~ c w11L0.

8 c: 0 ..J 0. C2

w z.4)

I. us . 0A CIL L L .- L(

A- 2-6



I-

= In

(40 0 -

U. 0. N

-. : 0.4

00

N .40 +~C U
U.~4 4, 0. U48

0
C

I-4 oN0

l'- '-o

C - CN a 4, L-

4, 0

I- C r- 0.+ fl 4,
CA 0 0

j I.- (A +

..
so 0' C.

I. Q~

CA 0% +

U. -a "a I L
u+ (A*~*

U ow

*U 0. + ~~'In In 04, 0,0L -
8 Lo

-) 0.

%' '; -, 4,8 9

(10

-J' 0 L. LP-

> + . 0

>C 0

*= -8 0.N -. ZI 1
- -0 * 1 O 0 54

2 .4 =4 .

L)A.-2-7



N 
1

~ ~''O co

4' Fn

.4, N z

IA. I

a, 0 0CY 0L

A4 4 R' "-AV

CO O, WU

- U.

8- u

w 00

8- in N
Z ~ IS0z

N Y UN~~ Coal

pnCY0 - iu
LM Lz

L a

04' z
-n fYl -wa R

U. IL 0 w.iu

f-C

.~Cie

A-2-8



-m 'o0

co -- a N- Z8
m - p 0

R! N N ,n

tn CI -*0 0 N N

Ln I

Inn cI-

LIJ.A~ 0 It N ~ fl

LA 0 -t z*L - -

A- .- 0, L
LL.

be 0

LU c m O LLu

0. 0t .L
-- 4. c-' U 0 0 co a c

1 (i' % . 0

0. c ~In) CIO m;

40 Ln co;)cm , &

'--U,UL 01 U-~L L

al X U J- 0 E Cfl

A-2-



FIGURE A-2-2A
SEGMENT NUMBER 2

MIDDLE MISSISSIPPI RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-2-2B
SEGMENT NUMBER 2

MISSOURI RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-2-3A
SEGMENT NUMBER 2

MIDDLE MISSISSIPPI RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-2-38
SEGMENT NUMBER 2

MISSOURI RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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SEGMENT NUMBER 3
TOWER MISSISSIPPI

1. PHYSICAL CiARACTERISTICS.
a.,Channels (Figure A-3-1). This segment includes six waterways.

(1) The Lower Mississippi River extends from the mouth of the Ohio River
at Cairo, Illinois, to Baton Rouge, Louisiana (725 miles). Channel size and
river conditions for the Lower Mississippi River differ markedly from that of
its five tributaries. It has an authorized project dannel depth of twelve
feet that has been constructed and maintained to nine feet and a project width
of 300 feet. River stages vary with discharge throughout the year, and can
vary as much as 30 to 40 feet during the year. Shoals usually develop in the
late smmer and early fall, requiring dredging to maintain channel dimensions.
River velocities as well as channel location also vary with discharge. The
river drops gently about 280 feet in elevation fran Cairo to Baton Rouge or
slightly less than 2/5 of a foot per mile.

(2) The McClellan-Kerr Arkansas River Navigation System extends from
Catoosa, Oklahoma, on the Verdigris River to the waterway's junction with the
Mississippi River (450 miles). The Arkansas system includes the lower most 10
miles of the White River. The Arkansas system has a project depth of nine feet
and project widths of 250 feet on the Arkansas River, 150 feet on the
Verdigris River for 50 miles, and 300 feet in the White River, Arkansas Post
Canal, which connects the White and Arkansas Rivers, and the short tributary
San Bois Creek.

(3) The White River extends from Newport, Arkansas, to its junction with
the Arkansas system (245 miles). The White River is maintained at a minimum
width of 125 feet and depth of five feet, but eight feet when the stage
reaches twelve on the Clarendon gauge, from the Arkansas system (mile 10) to
Augusta (mile 199) and a minimum width of 100 feet and depth of 4.5 feet from
the Augusta to Newport.

(4) The Ouachita and Black Rivers extends from Camden, Arkansas, to the
junction with the Red River in Louisiana (350 miles). The project channel is
nine feet deep and 100 feet wide.

(5) The Red River project now under construction extends from
Shreveport, Louisiana, to its junction with the Atchafalaya River (236 miles)
six miles west of the Mississippi River. The Red River project is authorized
for a channel nine feet deep and 200 feet wide. An interim pool level of 58
feet is providing a nine foot depth to Alexandria (mile 105).

(6) The Atchafalaya River extends from its junction with the Mississippi
River about seventy-six miles above Baton Rouge to its junction with the Gulf
Intracoastal Waterway at Morgan City, Louisiana (121 miles). The Red and
Atchafalaya Rivers sharo a six mile lo mm on channel called the Old River
immediately west of their junction with the Mississippi River. The Atchafalaya
River project channel, including the six mile Old River is twelve feet deep
and 125 feet wide.
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(7) The Yazoo River extends fran Greenwood, Mississippi, to its junction
with the Mississippi River at Vicksburg, Mississippi (165 miles). The Yazoo
River is an open river with no maintained depths or widths. It is severely
restricted by low water periods of less than nine foot depth, numerous sharp
bends, overhanging trees, and snags that permit river vessels to reach
Greenwood only about 45 percent of the time. Traffic on the river is not
subject to inland waterway fuel tax.

b. locks (Table A-3-1). There are no locks on the Lower Mississippi River,
the White River, or Yazoo River, but there are locks on the Arkansas system,
Ouachita and Black Rivers, Red River, and Atchafalaya River. The 17 locks on
the Arkansas system are 600 feet long and 110 feet wide and 18-21 years old
They provide a total lift of 420 feet with irdividual lifts ranging from 15 to
55 feet. The four locks on the Ouachita and Black Rivers are 600 feet long
and 84 feet wide and their lift ranges from 12 to 30 feet. Two are 4 years
old and two are 16 years old. The Atchafalaya River's 24 year old Old River
Lock is 1200 by 75 feet with a 35 foot lift. A 600 by 84 foot lock and dam on
the Yazoo River near Vicksburg was authorized in 1968, but has not been
constructed.

2. PERFORMNCE CHARACTERISTICS (Table A-3-2).
Data are unavailable for the waterway for 1987. However, the total peak

average processing time for the 1980-1987 time period ranged from 24 minutes
(1984) at locks Felsenthal and Thatcheron the Ouachita-Black Rivers to 117
minutes or 1.95 hours at L&D 3 (1982) on the Arkansas River. In this segment,
the highest total peak average processing time from 1980 through 1987, was for
L&D 3 on the Arkansas Navigation System in 1982 (117 minutes or 1.95 hours).
The peak total delay for the 1980-1987 time period ranged from 5 hours (1981)
for Columbia to 1677 hours (1983) for L&D 2 on the Arkansas Navigation System.
The highest peak total delay for the 1980-1987 time period occurred in 1983
for L&D 2 with a total delay of 1677 hours. The peak utilization data for
1980-1987 ranged from 8% (1981) for Jonesville to 28% (1987) for Old River.
In this segment, the highest peak utilization for the 1980-1987 time period
was 28% in 1987 for Old River. The peak total downtime ranged fram 0 hours
for Felsenthal and Thatcher locks to 1467 hours in 1982 for L&D 3 on the
Arkansas Navigation System in 1982. L&D 3 had the highest peak total downtime
hours 1467 hours. The peak for total number of stall events ranged from 1 in
Felsenthal and Thatcher (1984 and 1985, respectively) to 64 (1980) for Robert
S. Kerr. The highest total peak stall events was for Robert S. Kerr in 1980
(64 events).

3. COMMDITY TRAFFIC (Tables A-2, A-3-3A,-3B,-4); (Figures A-3-2A,-2B,-3A, -
3B).

a. Historical. The Lower Mississippi River between the mouth of the Ohio
and deep water at Baton Rouge, funnels waterborne commerce between most other
inland waterways and the ports of the Gulf Coast. Being a wide, open river
with no locks, the Lower Mlississippi allows the movement of tows with 40 or
more barges, resulting in very low costs per ton for the shipment of huge
cargoes. Barge traffic on the main stem of the Lower Mississippi grew from
108.6 million tons in 1975 to a peak of 156.6 million in 1984. Tonnage fell
somewhat in 1985 to 149.9 million tons before recovering to near record levels
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again in 1986, with 156.2 million tons. As in other sections of the
Mississippi, farm products account for the largest share of traffic (52
percent in 1982 and 36 percent in 1986). Grains and oilseeds, such as wheat,
corn, and soybeans, make up the bulk of the farm products traffic. Grain
tonnage grew from 33 million in 1975 to a peak of 62.2 million in 1982. Due
to falling exports, grain traffic declined to 43.3 million tons in 1986.
Substantial recovery of this traffic occurred in 1987 with the surge in grain
export sales, although complete data is not yet available. Coal tonnage is
also significant, growing substantially from 11.4 million in 1975 to a 1986
peak of 32.5 million. The importance of petroleum and the petrochemical
industry in the Gulf Coast area is also reflected in traffic on the lower
Mississippi. Although tonnage in these cczmxdities has generally declined
over the last decade a rebound occurred in 1986. Petroleum products traffic
peaked in 1978 at 25.1 million tons before declining to a 1985 low of 14.8
million. Tonnage increased to 18 million in 1986. Industrial chemicals
traffic has varied between a low of 9.2 million tons in 1975 and a high of
12.2 million tons in 1986. Movements of other agricultural products have
increased from 5.5 million tons in 1975 to a peak of nearly 14 million tons in
1983, then declined to 11.1 million tons in 1985, before recovering to 13.5
million tons in 1986. Much of this tonnage is in processed grain products and
animal feeds for export. Movements of non-metallic minerals have been
cyclical, but generally increasing over time. This traffic amounted to 11.6
million tons in 1986, up frcm 7.4 million in 1975.

Traffic on the McClellan-Kerr Arkansas River Navigation System grew
steadily from 5.2 million tons in 1975 to a peak of nearly 9.9 million in
1978. Since then it has varied between 7.7 million tons in 1981 and 8.5
million in 1984. Traffic in 1986 was 8.4 million tons. The primary
ccunmdities include non-metallic minerals and products, grains and oilseeds,
and agricultural chemicals. Non-metallic mineral tonnage peaked in 1978 at
nearly 3 million tons, declined to a 1982 low of 1.6 million before recovering
by 1986 to 2.7 million tons.

Traffic on other tributaries of the Tower Mississippi River in 1986
totalled 7.3 million tons on the Atchafalaya River, 2.7 million tons on the
Red River, 0.8 million tons on the Ouachita-Black Rivers, and 0.5 million tons
on the White River, and 0.4 million tons on the Yazoo.

b. Forecast. Waterborne ccrmerce on the lower Mississippi Segment is
projected to grow from 156.2 million tons to between 189.5 and 234.0 million
tons by 2000. Farm products accounted for 36 percent of all tons in 1986 and
greatly influence future traffic forecasts. Recent fluctuations in grain
export movemnts make this ccmcdity group a difficult one to predict and help
explain the wide difference- in projections by 2000.

Between 1986 and 2000, waterborne camerce on the Arkansas River is
projected to increase from 8.4 million tons to between 9.6 and 15.5 million
tons by 2000. Nonmetallic minerals and products (mostly sand and gravel) farm
products are the principal com-edities influencing the projections.

c. Tonnage at Locks. Based on average annual percent change during the
period of 1977-1986, tonnage increase at irdividual locks varied from 1.2%
(L&D 3) to 9.1% (Newt Graham) on the Arkansas River. (Lock tonnage figures for
the Arkansas River for 1987 were not available at the time of this writing).

A-3-3



The actual tonnage for 1986 or Arkansas River ranged from 2.4 million tons
(Newt Graham) to 5.8 million tons (L&D 2). Total increase in percent for
1977-86 period ranged fran 10% (L&D 3) to 100% (Newt Graham).

4. OPERATICN AND A=INTE.M4NCE COSTS (Table A-3-5).
O&M costs in actual dollars for the Lower Mississippi River Segment

increased from about $50 million to about $84 million in 1986. That was a 0%
increase in real terms when adjusted for about 68% inflation during the same
period. This level of expenditure constituted about 25% of total expenditure
for all segments during the period. Traffic increased from about 75 billion
ton-miles in 1977 to about 100 billion ton-miles in 1986. O&M cost per ton-
mile was the lowest of all nine segments, and ranged fram 0.7 mills in 1977 to
.8 mills in 1986.

5. PROGRAM STAUS (Table A-3-6).
a. Overview. There are eight authorized construction projects in the

Lwar Mississipi River Segment, but construction has not started on three of
them. There are six basin multiple purpose studies now underway considering
improvements to the existing navigation system or extension of it.

b. Mississiri River. The comprehensive project for Flood Control,
Mississippi River and Tributaries (MR&T), provides flood damage reduction and
improvement of the Mississippi River for navigation from Cairo, Illinois, to
Baton Rouge, Louisiana. The Mississippi River channel improvement project
includes dikes, revetments, dredging, and foreshore protection. The $3,076.3
million project is scheduled to be capleted in 2010. Only nine feet of the 12
foot deep channel authorized in 1944 has been constructed. The project is
fiscally 54 percent complete and will be 55 percent complete with funds
requested for FY 1989. However, it is physically 80 percent camplete. Work
in 1988 and 1989 will be used to extend existing revetments and assure
continued effectiveness of cumpleted work at 48 locations (88 percent of
funds) and to construct dikes at 24 locations.

c. Arkansas Navigation System.
(1) The entire project will be ccuplete in 1990 at a cost of $563.3

million after cmpletion of rock excavation at Murray Lock and Dam pool and
construction of a meander cutoff level in the entrance channel for $7.6
million. A model study completed in 1987 of scouring at Wilbur D. Mills Dam
(No. 2) indicated the need to extend the stilling basin dadnstream at an
additional project cost of $7.8 million. A model study ccmpleted in March
1988 of low water at the White River entrance channel indicates the need to
construct an additional lock and dam in the entrance channel. Planning
studies are scheduled for cmpletion in 1990.

(2) There are three basin multiple purpose studies that include
navigation. The $2.5 million Arkansas River Basin study, scheduled for
ccmpletion in 1990, is considering navigation operation problems related to
the magnitude and duration of flows above 75,000 cubic feet per second at
James W. Trimble Lock and Dam. Solutions may involve possible changes in
system operation and additional storage to further control flood flows. The
$7.3 million Arkarsas River and Tributaries, Great Bend, Kansas, to Tulsa,
Oklahoma, study is scheduled for completion in 1991. Studies to date show
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that costs for extending navigation upstream of Tulsa would exceed benefits,
and the navigation extension studies have been suspended. The $2.1 million
Arkansas River and tributaries, South Central and Southeast Areas of Oklahaa,
Ccmprehensive Study being cmpleted in September 1988 is considering measures
for extension of navigation into the Poteau and Deep Fork Rivers along with
other water resource problem and needs.

d. Ouachita and Black Rivers.
(1) Construction of the nine foot deep, 100 foot wide channel with

four 600 by 84 foot locks began in 1963 and is scheduled for ompletion in
1994. The $247.7 million, 382 mile long waterway project is 83 percent
complete this year and with funds requested for FY 1989. Work scheduled for
1988 and 1989 includes navigation channels in all four pools and the hinged
crest gate at Felsenthal Lock and Dam.

(2) The Ouachita River Basin $8.6 million study addressing problems
and needs of navigation and other water resource purposes now has an
indefinite completion date.

e. White River. The $32.0 million project was authorized in 1986 to
provide a nine foot navigation channel 95 percent of the times from mile 10
(junction with the Arkansas River System) to mile 254 (Newport) through
dredging, channel training works, bank stabilization, and other iIrprovements.
None of the preconstruction engineering and design costing $2.2 million has
been acccuplished nor is any scheduled for 1989 through 1993.

f. Red River.
(1) Construction on the $1,731.9 million project fran the Mississippi

River to Shreveport, Louisiana, resulted in the opening in 1987 of Overton
Lock and Dam, thereby extending nine foot navigation to Alexandria (mile 105).
Construction of Lock and Dam No. 3 at Colfax (mile 141) started in 1985 and
navigation is now 28 percent complete. It is scheduled to open in 1991. On
Pools 4 and 5 construction (8 percent ccmplete) and accelerated design
continues. Design of Locks and Dams 4 and 5 is also being accelerated.
Ccupletion of Locks, Dams, and Pools 4 and 5 is irnefinite pending a decision
to schedule remaining construction. The entire 236 mile long waterway project
with five 685 by 84 foot locks is 51% ccmplete and will be 58 percent ccmplete
iwith the funds requested for FY 1989.

(2) Construction of the authorized $656.6 million project to extend
navigation fran Shreveport to Daingerfield, Texas, has not started. In the
mid-1970s preconstruction studies were begun and then deferred until warranted
by development of traffic on the river below Shreveport. The project would
include 9 foot deep and 200 foot wide channel, three dam (two existing), and
three 600 by 84 foot locks.

(3) The $3.1 million Red River Basin Cmprehensive Study considering
measures for development of navigation and other purposes has been divided
into tn stides, one on the upper river and one on the lower river. In FY
1989 the $0.5 million reconnaissance phase of a Red River Basin comprehensive
study within Arkansas and Louisiana would be initiated and ccpleted. The
$1.9 million multiple purpose study of the Red River, Denison Dam - Lake
Texcma, in Oklahoma and Texas is 82 percent complete and will be ccapleted in
1990.
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g. Atchafalaya River. The Atchafalaya Basin project includes channels,
locks, and bank stabilization that benefit navigation and other purposes. The
$1,468 million project, part of the overall MR&T project, is scheduled for
completion in 2010. It is fiscally 41 percent complete and will be 44 percent
complete with funds requested for FY 1989. However, it is physically 74
percent complete. Work in 1988 and 1989 includes raising the most deficient
sections of lever and flood walls, providing necessary bank stabilization, and
providing channel training works above Morgan City.

h. Yazoo River (Non Fuel Taxed Waterway). Construction of the $237
million Yazoo River project authorized in 1968 has not started, but
preconstruction studies began 1978 and then were deferred in 1985. The
project would provide a 9 foot channel to Greenwood, Mississippi, through
construction of a 600 by 84 foot lock and dam at the mouth near Vicksburg,
channel realignnent and dredging, and reservoir releases.

6. LOCK CAPACITY ARACTERISTICS (Table A-3-7).
The source of capacity range is National Waterways Study - A Framework for

Decision Making - Final Report, Apendix D, National Waterways Reach
Summaries, Institute of Water Resources, January 1983. Capacity range values
were again reviewed by the districts in 1987 and 1988. Historical tonnages
are from lock PNS data and is also from Table A-3-4.
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TABLE A-3-1
SEGMEN NUMBER 3

iOWER MISSISSIPPI

PHYSICAL ARACTERISTICS OF LOCKS

CHAMBERS

W TRAY/LOCK RIVER YEAR AGE AS WIDIH tILEIH LIFT
NAME OR NUMBE MITE OPENED OF 1988 (FEET) (FEET) ! F=

Arknsas *r
Norrell 10.3 1967 21 110 600 30
Lock 2 & Mills Dam 13.3 1967 21 110 600 20
L&D 3 50.2 1968 20 110 600 20
L&D 4 66.0 1968 20 110 600 14
L&D 5 86.3 1968 20 110 600 17
David T. Terry 108.1 1968 20 110 600 18
Murray 125.4 1969 19 110 600 18
Toad Suck 155.9 1969 19 110 600 16
Or 176.9 1969 19 110 600 20
Dardanelle 205.5 1969 19 110 600 55
Ozark 256.8 1969 19 110 600 34
James W. Trimble 292.8 1969 19 110 600 20
W.D. Mayo 319.6 1970 18 110 600 21
Robert S. Kerr 336.2 1970 18 110 600 48
Webers Falls 366.6 1970 18 110 600 30
Choiteau (Verd. R) 401.5 1970 18 110 600 21
Newt Graham (Verd. R) 421.6 1970 18 110 600 21

Ouachita & Black Rivers
Jonesville 25.0 1972 16 84 600 30
Columbia 117.2 1972 16 84 600 18
Felsenthal 226.8 1984 4 84 600 18
Thatcher 281.7 1984 4 84 600 12

Red
LAD 1 43.0 1984 4 84 685 36
Overton 87.0 1987 0 84 685 24
L&D 3 (Under Const.) 141.0 Indef - 84 685 31

Atchafalaya (Old) Rive
Old River 304.0 1963 25 75 1200 35

Source: Annul Report FY86 of the Secretary of the Army on civil Works Activities,
Volume II, Appendix C: Navigation Locks and Dams Operable September 30, 1986.
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FIGURE A-3-2A
SEGMENT NUMBER 3

LOWER MISSISSIPPI RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-3-2B3
SEGMENT NUMBER 3

ARKANSAS RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-.3-3A
SEGMENT NUMBER 3

LOWER MISSISSIPPI RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-3-38
SEGMENT NUMBER 3

ARKANSAS RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990. 1995 AND 2000
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SEDGMENT NUMBER 4
ILLINOIS WTEIAY

1. PHYSICAL CHARACTERISTICS.
a. Channels (Figure A-4-1). The Illinois Waterway includes four sections.

The loer section is 300 feet wide and extends from the waterway's mouth at
the Mississippi near Grafton (38 miles above St. Louis) to Lockport, with 273
miles on the Illinois River and 18.1 miles on the DesPlaines River. The center
section on the Chicago Sanitary and Ship Canal is 160 feet wide and extends
12.4 miles from the Lockport to the junction with the Calumet-Sag Channel.
From the junction the third section follows the Chicago Sanitary and Ship
Canal and South Branch of the Chiicago River to Lake Street and the Chicago
River for 22.1 miles with channels 160-300 feet wide. The fourth section, from
the junction to O'Brien Lock and Lake Calumet via the Calumet-Sag channel and
Little Calumet and Calumet Rivers, is 23.8 miles long and 225 feet wide. All
four sections total 349 miles with project depths of nine feet deep. The
remaining distances to Lake Michigan are via the deep draft Chiicago River and
Chicago Harbor from Lake Street and Lake Calumet and Calumet Harbor and River
from O'Brien Lock. Navigation is year-round, but ice causes problems in
severe winters.

b. Locks (Table A-4-1). The eight locks on the waterway are 600 feet long
and 100 feet wide, except for O'Brien lock, which is 1,000 feet long. They
provide a total lift of about 200 feet with the individual lift at locks
ranging from 5 feet at O'Brien Lock to 40 feet at Lockport Lock. At the two
downstream sites, Peoria and LaGrange, the moveable dams are lowered during
high water (about 24 weeks of the year) and navigation passes over the darns
without needing to use the locks. Five locks are 55 years old and two are 49
years old, but O'Brien Lock is only 28 years old. Major rehabilitation has
been conpleted at five of the seven old locks and is underway at the other
two. In addition, Chicago Lock, located at the mouth of Chicago River in
Chicago Harbor, is 600 feet long and 80 feet wide and 50 years old.

2. FOIMNCE CHRACTERISTICS (Table A-4-2).
The total average processing time for 1987 ranged from 38 minutes to 371

minutes (6.18 hours), and the median value of 139 minutes. Total peak average
processing time for the 1980-1987 time pericd ranged from 49 minutes (1980)
for T.J. O'Brien to 977 minutes or 16.28 hours (1981) for Peoria. In this
segment, the highest total peak average processing time from 1980 to 1987 was
for Peoria lock in 1981 (16.28 hours). Total delay ranged from 173 hours to
15,384 hours in 1987. Total delay time is high at all the locks except for T.
J. O'Brien. The median value of total delay is 3,388.50 hours, and T.J.
O'Brien was the only lock that fell considerably below this value. The peak
total delay for the 1980-1987 time period varied from 1152 hours (1980) for T.
J. O'Brien to 35,925 hours (1981) for Peoria. Peoria had the highest peak
total delay (35,925 hours in 1981) in this segment from 1980 to 1987. Lock
utilization for 1987 ranged from 34% to 54%. Utilization rates for LaGrange,
Peoria, Marseilles and Lockport were all greater than the median value of
48.5%. The peak utilization data from 1980 through 1987 ranged from 38%
(1986) at T.J. O'Brien to 100% (1981) at laGrange. In this segment, the
highest peak utilization for the 1980-1987 time period was 100% in 1981 for

A-4-1



LaGrange. Total downtime ranged from 6 hours to 336 hours. Three locks
(Starved Rock, Marseilles, Dresden Island and T.J. O'Brien) fell below the
median of 105.5 hours. The total peak downtime varied from 15 hours in 1982
at T.J. O'Brien to 1631 hours in 1985 at LaGrange. The highest total peak
downtime during the 1980-1987 time period occurred in 1985 at LaGrange (1631
hours). Total stall events for 1987 ranged from 6 to 119, and the median
value is 46 stall events. The peak for total stall events from 1980 to 1987
ranged from 13 at T.J. O'Brien in 1982 to 119 at LaGrange in 1987. From 1980
through 1987, LaGrange had the highest peak total stall events of 119 in 1987.

3. 00 MDITY TRAFFIC (Tables A-2, A-4-3,-4); (Figures A-4-2,-3).
a. Historical. Waterborne commerce on the Illinois Waterway, which links

Lake Michigan with the Mississippi, increased steadily until the mid 1970s and
has been variable since then. Tonnage declined from 45.8 million in 1975 to
42.3 million in 1986, but increases occurred in 1980 (44.1 million) and 1983
(43 million) according to the Waterborne Commerce Statistics Center. The 1986
traffic on the waterway increased by about 10 percent over 1985. Principal
camodities include grains and oilseeds, petroleum products, and coal, but
non-metallic minerals and metallic products and scrap are also important.
Grain and oilseed tonnage grew from a 1979 low of 12.5 million to a peak in
1982 of 18.6 million (45 percent of total traffic in that year), then declined
to 13.8 million in 1986. Petroleum products tonnage has declined gradually
from 7.5 million in 1975 to 5.5 million in 1985, before recovering to 6.1
million in 1986. Coal traffic peaked in 1975 at 7.7 million tons, declined to
4.2 million by 1978, then increased to 5.8 i dllion in 1980. Coal movements in
1986 exceeded 7.5 million tons, nearly equalling the 1975 high and jumping 2.5
million tons from 1985.

b. Forecast. Waterborne commerce on the Illinois Waterway is projected to
increase from 42.3 million tons to between 49.2 and 60.1 million tons by 2000.
This represents a turnaround from the average annual decline of 1.8 percent
experienced between 1975-85. Farm products and coal greatly influence future
traffic forecasts. Future grain exports are expected to generate increasing
farm products traffic.

c. Tonnage at Locks. Based on average annual percent change, all
individual locks showed a decrease i 1987 levels from 1977 levels in tonnage
ranging from -0.2% (LaGrange) to -2.4% (T.J. O'Brien). For 1977-87 period, the
decrease in actual tonaage ranged from 0.2 million tons (LaGrange), to 1.9
million tons (T.J. O'Brien). Total tonnage by lock for 1987 ranged from 6.8
million tons at T.J. O'Brien to 30.3 million tons at LaGrange.

4. OPERATIONS AND MAINITNANCE COSTS (Table A-4-5).
The O&M cost in actual dollars increased from about $9 million in 1977 to

about $13 million in 1986. That is about a 13% decline in real terms when
adjusted for about 68% inflation during the period of 1977 to 1986. In 1984,
however, the O&M cost was about 14 million dollars, higher than that for 1985
and 1986. Traffic remained relatively constant at about 8 billion ton-miles
during the period of 1977 to 1986. The O&M cost per ton-mile ranged from 1.1
mills in 1977 to 1.5 mills in 1986. This segment ranked the fourth lowest in
unit cost of all nine segments.
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5. PROGRAM STATUS (Table A-4-6).
Like the Upper Mississippi River, improvements on the Illinois Waterway's

49 to 55 year old locks and dams are being accomplished through major
rehabilitation rather than construction of replacement locks. Rehabilitation
of the Starved Rock and Dresden Island Locks and Dams was completed in 1983
and 1985 at costs of $16.7 and $13.3 million respectively. Rehabilitation of
the other five old facilities started in 1983 through 1986 and is being
completed in 1987 through 1990 at individual costs ranging from $15.0 million
at Marseilles Lock and Dam to $23.8 million at Brandon Road Lock and Dam. The
five year rehabilitation of Lockport Lock and Dam for $22.7 million was
completed in 1987. Downriver at Brandon Road Lock and Dam the work being
completed in 1988 has included resurfacing the locks and rehabilitating its
gates, replacing the lock's electrical system and miter gate machinery, and
rehabilitating the dam gates and channel wall. Also being completed in 1988
is the work further downriver at Marseilles that has involved resurfacing the
dam and guidewall, replacing dam tainter gates and gate machinery,
rehabilitating the dam walkway bridge, and installing a surveillance system
and remote operating equipment. At the downriver LaGrange and Peoria Locks
and Dams the work includes wicket dam and lock rehabilitation and replacement
of the dam tainter gates and dam machinery, plus maintenance of dam bulkheads
at the Peoria site. The work is 43 and 36 percent complete respectively at
LaGrange ($20.3 million) and Peoria ($21.3 million) Locks and Dams, and will
be 92 and 97% complete with funds requested for FY 1989.

6. LOCK CAPACITY CHARACTERISTICS (Table A-4-7).
The source of capacity range is National Waterways Study - A Framework for

Decision Making - Final Report, Appendix D, National Waterways Reach
Summaries, Institute of Water Resources, January 1983. Capacity rIange values
were again reviewed by the districts in 1987 and 1988. Historical tonnages
are from lock PMS data and is also from Table A-4-4.
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TABLE A-4-1
SE4E~ NUMBER 4

ILLINOIS WATERaY

IHYSICAL CHARACTERISTICS OF IDCKS

CHAMBERS

WATER hY/LOCK RIVER YEAR AGE AS WIDIH LENGTHI LIFT
NAME OR NUMBER MILE OPENED OF 1988 (FEET) (FEM9) (FEET)

LaGrange L&D 80.2 2.939 49 110 600 10
Peoria L&D 157.7 1939 49 110 600 11
Starved Rock L&D 231.0 1933 55 110 600 19
Marseilles L&D 244.6 1933 55 110 600 24
Dresden Island L&D 271.5 1933 55 110 600 22
Brandon Road L&D 286.0 1933 55 110 600 34
Lockport Lock 291.1 1933 55 110 600 40
T.J. O'Brien Lock 326.5 1960 28 110 1000 5

Source: Annual Report FY86 of the Secretary of the Army on Civil Works Activities,
Volume II, Appendix C: Navigation Locks and Dams Operable September 30, 1986
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FIGURE A-4-2
SEGMENT NUMBER 4

ILLINOIS WATERWAY TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-4-3
SEGMENT NUMBER 4

ILLINOIS WATERWAY TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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SEGMENT NUMBER 5
OHIO RIVER SYSTEM

1. PHYSICAL IARACrERISTIcS.
a. 'annels (Figure A-5-1). This segment includes the Ohio River and seven

tributaries.
(1) The Ohio River is formed by the junction of the Allegheny and

Monongahela Rivers at Pittsburgh and flows generally southwestward for 981
miles to join the Mississippi River near Cairo, Illinois.

(2) The Tennessee River project includes 652 miles from the junction of the
French Broad and Holston Rivers at Knoxville to the mouth at Paducah, Kentucky
and about 61 miles on the Clinch River to Clinton, Tennessee. The system of
dams permits navigation on tributaries other than the Clinch River, but they
are not part of the Tennessee River project. Only traffic on the Tennessee
River itself is subject to the fuel tax.

(3) The Cumberland River existing project extends from Celina, Tennessee,
near the Kentucky state line, 385 miles to its mouth near Smithland, Kentucky
and includes the nearly two mile long Barkley Canal. The Barkley Canal
connects the Cumberland River above Barkley Lock and Dam with the Tennessee
River above Kentucky Lock and Dam. The authorized project includes an
unconstructed section from Celina to Wolf Creek Dam (mile 461). From there
nine foot navigation does exist to the mouth of the Laurel River (mile 552).
Only traffic on the portion below Cordell Hull Lock and Dam at Carthage
(mile 314), Tennessee, is subject to the fuel tax.

(4) The Green and Barren Rivers project includes about 198 miles on the
Green River from Mammiouth Cave, Kentucky, to the mouth, about eight miles
above Evansville, Indiana. The project also includes about 30 miles on the
Barren River from Bowling Green, Kentucky, to its junction with the Green
River (mile 150). The fuel taxed portion is from mile 149 (Lock and Dam 4) to
the mouth, but camrcial navigation is possible only to Lock and Dam 3
(mile 109), where lock operations were discontinued in 1981.

(5) The Kentucky River extends about 255 miles from its formation near
Beattyville, Kentucky, but only the lower 82 miles to Lock and Dam 5 are
operated and maintained for commercial navigation.

(6) The Kanawha River project extends from Deepwater, West Virginia (mile
91) to its mouth at Point Pleasant, West Virginia.

(7) The Monongahela River is formed by the junction of the Tygart and West
Fork Rivers at Fairmont (mile 129), West Virginia, and flows north to
Pittsburgh.

(8) The Allegheny River project extends 72 miles from East Brady,
Pennsylvania, to Pittsburgh.

(9) Project depths on the Ohio System are nine feet throughout; except for
six feet on the Kentucky River and 5 1/2 feet on the Green River from mile
103. Private interests dredged a nine foot channel from mile 103 to 108 on
the Green River. Project widths are 300 feet on the Ohio, Tennessee, Kanawha,
drd MPoinoahela Rivers, 200e on the C and Allegheny 19yersiO feet
on the Cumberland River and 100 feet on the Kentucky River.

b. Locks (Table A-5-1).
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(1) On the Ohio River sixteen of the twenty sites have main chambers 1200
feet long and 110 feet wide. The three upper most projects (Emsworth,
Dashields, and Montgomery Locks and Dams) and Gallipolis Locks and Dam in
midriver have 600 by 110 feet main chambers. The second chamber at the 16
sites is 600 feet long and 110 feet wide, except for Smithland Locks and Dam,
which has a twin 1200 by 110 foot lock. The auxiliary locks at the four
smaller sites are 360 foot long and 56 feet wide except for 110 feet wide at
Gallipolis Locks and Dam. Lift ranges from 10 feet with 23 feet being the
average. The larger locks are 8 to 29 years old while the smaller locks are
51 to 67 years old. At Locks and Dam-s 52 and 53 the new main chambers are
only temporary locks and their auxiliary chambers are about
60 years old. The dams there are movable and permit navigable pass operations
during high flow conditions.

(2) On the Tennessee River the first six locks are 110 by 600 foot (main
locks), except Pickwicks main locks is 110 by 1200 foot. At the second of
these, Pickwick Locks and Dam, a new 1000 by 110 foot lock has beccm the main
chamber and the 600 by 110 foot lock is now the auxiliary chamber. Three of
the first six locks have auxiliary locks 300 to 400 feet long and 60 feet wide
and two, ircluding the lowermost Kentucky Lock and Dam, have no second lock.
The upper four smaller locks are 360 to 400 feet long and 60 to 75 feet wide.
Lift averages 57 feet and ranges from 39 to 94 feet. Among the larger locks
Kentucky Lock is the oldest at 46 years while the other five locks are five to
29 years old.

(3) The Cumberland River has two downriver locks that are 800 feet long
and 110 feet wide and two upriver locks that are 400 by 84 feet wide. Ages
are 15 to 36 years.

(4) The Green River's first two locks are 600 feet long and 84 feet wide
with a lift of about 13 feet. They are 32 years old. Locks and Dams 3 and 4
are only 138 by 36 feet with a lift of 17 feet. Lock and Dam 1 on the Barren
River has a 360 by 56 foot chamber. Green River Dam 4 failed and navigation
through the locks ceased in 1965. Repairs have been deferred pending
completion of the study. Navigation through Lock and Dam 1 on the Barren
River was suspended in 1965 due to the loss of the lower pool in Green River
Dam 4. Operations were discontinued at Lock 3 1981.

(5) The Kentucky River's first four locks are only 145 feet long and 38
feet wide with a lift of 8 to 14 feet. They are 144-149 years old. Federal
operations at Locks and Dams 5-14 have ceased. The Water Resources
Develorrent Act of 1986 authorized transferr operational responsibility for
those ten locks and dams to the Comnmonwealth of Kentucky. In 1988, the
Kentucky general assembly authorized the Conmonwealth to assume ownership of
the Upper Kentucky. The Ccmmonwealth plans to operate the project for
recreational boating.

(6) The Kanawha River's three locks and dams have twin chambers that are
360 feet long and 56 feet wide with lifts of 24 to 28 feet. The locks are 51-
54 years old.

(7) On the I;non gc ieit Bver Uie four downriver locks and dams have dual
chambers while the five upriver have one chamber. At the dual chamber sites
lock length is 720 feet and widths are 110 or 84 feet at the two newer locks,
but only 56 feet wide at Locks and Dams 3 and 4. The second chambers are 360
by 56 feet except at the fourth site, which has a twin 720 by 84 foot chamber.
At the five single chamber sites, the three newer locks farthest upriver are
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600 feet long and 84 feet wide, but the older Locks and Dams 7 and 8 are only
360 long and 56 feet wide. Lift is less than ten feet at the first two sites
and averages, nearly twenty feet at the other seven sites. Tlhe five newer
locks and dams are 24 to 38 years old, but the older Locks and Dams 2,3,4,7
and 8 are 56 to 82 years old.

(8) The Allegheny River's eight 50 to 61 year old locks and dams have
single chambers 360 feet long and 56 feet wide with lifts of about 12 feet at
the first six locks and about 20 feet at the last two.

2. PERFOEMANCE ClIRACTRISTICS (Table A-5-2).
The 1987 t tal average processing time ranged anywhere frm 16 minutes to

419 minutes (6.98 hours) and had a median value of 69 minutes. Total peak
average processing time for the 1980-1987 time period ranged frcan 21 minutes
(1985) at L&D 7 to 763 minutes or 12.72 hours (1986) at Racine and Gallipolis.
The highest total peak average processing time from 1980 through 1987 was 763
minutes (12.72 hours) in 1986 for Racine and Gallipolis. Total delay for the
locks where data was available for 1987 ranged from 0 hours to 27,523 hours.
Total delay was generally high on the Ohio river, Monongahela river, Kanawha
river and the lower Tennessee river. For the locks for which data was
available the median total delay for 1987 was 639.5 hours. For the 1980-1987
time period, the peak total delay ranged from 0 at Allegheny to 42,898 hours
(1986) at Gallipolis. From 1980 through 1987, the highest peak total delay
occurred at Gallipolis in 1986 (42,898 hours). Lock utilization for 1987
varied from 0% to 86%, and the median lock utilization was 32%. The peak
utilization rate from 1980 through 1987 ranged from 4% (1987) for Opekiska to
100% (1982) for Ehsworth. In this segment, the highest peak utilization for
the 1980-1987 tine period was 100% at Ensworth. Total downtime for 1987
ranged from 0 hours to 6,652 hoirs. The median value was 65 hours and 23
locks had downtime quite in excess of this median. The peak total downtime
hours from 1980 through 1987 varied from 0 hours to 8,080 hours in 1986 at
London. The highest peak total downtime for 1980 through 1987 occurred in
1986 at London (8,080 hours). Total stall events for 1987 ranged from 0 to
344. The median value is 17.5 stall events and ten locks had stall events of
over 100. The peak for total stall events from 1980 through 1987 varied from
0 to 360 at Smithland in 1980. From 1.980 through 1987, Smithland had the
highest peak total stall events of 360 in 1980.

3. COMMODITY TRAFFIC
Ohio River System Overview. (Tables A-2, A-5-3A,-4 and Figures A--5-2A,-

3A).

a. Historical. Traffic on the Ohio River and its tributaries accounts for
a significant portion of the over 500 million tons of commerce moving annually
on the nation's inland waterways. The Ohio River system tonnage reached an
all-time high in 1986 of over 222 million tons, 40 percent of the national
total of 560 million tons. Traffic reported at individual locks on the lower
Ohio during 1987 increased about 3 percent over 1986. Coal is by far the most
significant commodity moving on the system, and coal tonnage reached a record
135.9 million tons in 1986 (61 percent of total traffic). Coal moving on the
Ohio system is primarily for utility use, but coal for export through the Gulf
has grown in importance. Non-metallic minerals, primarily aggregate_ used in-
the constrLction industLy, is the next most important group in terms of
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tonnage. This cornKodity's tonnage has been cyclical, growing from 23.6
million tons in 1975 to a peak of nearly 31 million by 1979, then declining to
20.5 million tons in 1982 before reaching a new peak of 31.3 million tons in
1986. Petroleum products tonnage is also significant, but, as on other inland
waterways, it has generally declined ovex the last decade. Petroleum products
peaked at nearly 23 million tons in 1978. Tonnage in 1986 was 17.1 million.
Grain and oilseed traffic, while variable, has generally been increasing. It
has gradn frcm just over 4 million tons in 1975 to a peak in 1985 of 12.2
million tons, then declined to 10 million tons in 1986. Industrial chemicals
are also ihqortant and have varied between a high of 10.9 million tons in 1979
and a lcw of 7.6 million tons &dring 1982. Tonnage in 1986 was 9.6 million.

b. Forecast. Betwen 1986 and 2000, waterborne traffic on the Ohio River
System is projected to increase at an average annual rate of 1.3 to 2.8
pe cent, growing from 222.2 million tons to between 266.8 and 327.0 million
tons by 2000. Coal accounted for 61 percent of all tons in 1986 and exerts by
far the greatest influence on traffic forecasts. Because of gradually
ir-creasing demands for coal for power generation by elctric utilities, coal

vfiveents on the Ohio River System are projected to grow considerably by the
turn of the century.

Ohio River-Main Stem (Tables A-5-3B, and Figure A-5-2B,-3B).

a. Historical. The Ohio River iaLnstem carries about 88 percent of the
tonnage on the Ohio River system, with its tributaries feeding additional
traffic to the waterway. The Ohio River has experienced slow but relatively
steady growth in traffic since the mid 1960s, with some decline during the
recession of the early 1980s. Boosted by dramatic growth in coal, total
tonnage on the mainstem reached a high of over 195.6 million tons in 1986, an
increase of over 18 million tons from 1985. Tnis represents an average annual
qragdt rate of 3.3 percent fram the 1965 traffic level of 103 million tons.
Coal is the daninaIt comndity moving on the river (nearly 59 percent of total
traffic), and it principally serves the utility industry. Coal traffic has
generally been increasing, with some retreat during the strike year of 1978
rd during the recet reession. Overall, coal grew from less than 73 million

tons in 1975 to a record of nearly 115 million in 1986. Many other
comndities also mo-'a on the Ohio, but in much smaller volumes than coal. The
ne.t leading c.vrmodity groupe and their 1986 tonnages are: nonmetallic
minerals and products (27.4 million); petroleum products (16.9 million); and
farm products (12.4 million).

b. Forecast. Waterborne traffic on the main stem of the Ohio River is
projected to grow, frtm 1.95.6 million tons to between 233.7 and 287.7 million
tons by 2000. Accou-ting for 61 percent oL all tons in 1986, coal is the
major ccvvcdity influe-ing projections. Increased out-year demand for coal
by electric utilities for vv-wer generation is the determining factor in coal

trffc forcatz,~ti~ tczzec2. irutr in xpr nets coul alzo
influence demand.

c. Tonnaaes at !Lcks. Based on average annual percent change during the
1977-1987 period average annual torage increase at individual locks varied
from 0.3% (Lvshields) to 4.0% (New Oniberland). Four locks showed a
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negligible decline in tonnage (Willow Island, Belleville, Racine and
Calipolis). Tonnage increases between 1977 and 1987 ranged from 2.2 mil) ion
tons (Emsworth) to 24.7 million tons (Lock and Dam 52).

Monongahela River (Tables A-5-3C, and Figure A-5-2C,-3C).

a. Historical. This waterway has historically been a major mover of coal
from the mines of West Virginia and Pennsylvania to utility and steel
industries downriver and on the Ohio. Total traffic has tended downward in
recent years, reflecting the decline of the regional steel industry as well as
the relatively higher cost to shippers of using a waterway with antiquated
lock dimensions. Tonnage in- 1986 was 29.5 million, of which coal accounted
for 25.4 million (86 percent). Other comcodities move in much lesser volumes
and have likewise declined with the economic slump of the region. Petroleum
products declined from 2.6 million tons in 1975 to 1.3 million in 1986, while
metallic ores, products and scrap declined from nearly 2 millioi. tons to less
than 0.4 million over the same period. Nonmetallic minerals and products have
generally hovered around 2 million tons since 1975.

b. Forecast. Waterborne cTmerce on the Monongahela River is projected to
increase modestly between 1986 and 2000. These growth rates would result in
the expansion of traffic from the depressed level of 29.5 million tons in 1986

to between 43.1 and 56.6 million tons by 2000. Likely future volumes could
range considerably higher or lower than these projections suggest.

c. Tinnaqes at Locks. Based on average annual percent change Opekiska
experienced the highest percentage growth in tonnage of 21.5% during the 1977-
1987 period. For the same period, total tonnage increased at all the locks
ranging from 0.6 million tons (Opekiska) to 1.9 million tons (Lock and Dam 2).
Actual 1987 tonnage ranged from 0.7 million tons (Opekiska) to 19.9 million
tons (Lock and Dam 3).

Kanawha River (Tables A-5-3D, and Figure A-5-2D,-3D).

a. Historical. Traffic on the Kanawha River of West Virginia reached a
new record in 1986 of 18.2 million tons, passing the old peak of nearly 14.7
million in 1980. Coal is by far the dominant commodity, with 1986 volume at
an all-time high of 12.7 million tons ('76 rerent of total traffic).
Industrial chemicals have also been important historically. Nonmetallic
minerals and products on the Kanawha have averaged about 2.1 million tons per
year over the last decade. Tonnage in 1986 was just over 2 million.

b. Forecast. Waterborne ccmmerce on the Kanawha River is proiected to
increase from 16.8 million tons to between 22.2 and 28.4 million --,, by 2000.
These forecasts anticipate slower growth rates of 1.7 to 3.8 percent, which
brac-rt the historic- r-4P of 2.2 nercent between 1975 and 1986. Accounting
for 76 percent of tonnage in 1986, coal is the dominant commodity influencing
future traffic forecasts.

c. Tonnaqes at Locks. Based on average annual percent change during the
1977-1987 period, all three locks on this river experienced growth in tonnage

(4.7% to 10.8%). For 1987, tonnage increase ranged from 2.4 million tons
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(London) to 6.4 million tons (Winfield) over 1977 levels. Total tonnage
ranges from 3.9 million tons for London to 17.3 million tons for Winfield in
1987.

Cumberland River (Tables A-5-3E, and Figure A-5-2E,-3E).

a. Historical. Although not as heavily used as the Monongahela and the
Tennessee, the Cumberland River of Kentucky and Tennessee still contributes a
substantial amount of traffic to the Ohio River System. Total tonnage peaked
in 1979 at approximately 15.2 million tons, due in large part to record coal
movements. Traffic declined and levelled off in the early 1980s before
rebounding again in 1984 and 1985, reaching 14.1 and 14.2 million tons,
respectively. Overall, traffic has grown at an average annual rate of 1.8
percent since 1975. Total tonnage was dramatically higher in 1986 due to the
diversion of Tennessee River traffic while major rehabilitation took place at
Kentucky Lock. Therefore 1986 tonnage figures have not been used for
historical or forecast analyses. Traffic at Cheatham Lock, upriver from the
diversion area, grew 7.3% between 1985 and 1986 and 11.4% between 1986 and
1987, and is probably more representative of general trends on the river. The
major commodities transported on the Cumberland River are coal (37.7 percent
of total tons in 1985), nonmetallic minerals and products (38.8 percent), and
petroleum products (3.8 percent). Coal (nearly all inbound) was traditionally
the Cumberland's major commodity until 1985, when inbound nonmetallic mineral
traffic surged and lifted that ccmmdity group to the number one position.
For the last ten years coal movements have fluctuated between 4.6 and 6.9
million tons, while nonmetallic mineral movements have increased from 2.6 to
5.5 million tons during the same period. Petroleum products have declined
over the last ten years, falling from 1.2 million tons in 1975 to .3 million
tons in 1981 before recovering somewhat to .5 million tons in 1985.

b. Forecast. Waterborne commerce on the Cumberland River is projected to
increase from 14.2 million tons in 1985 to between 17.0 and 23.7 million tons
by 2000. The Cumberland's two major coamodities make up nearly equal shares of
traffic: coal (38 percent of 1985 tons) and nonmetallic minerals and products
(39 percent). Together they exert the greatest influence on future traffic
forecasts. As stated previously, coal traffic is projected to grow moderately
as a result of electric utilities' increasing power production. Nonmetallic
minerals and products movements will fluctuate yearly with construction
activity, but are projected to decline from the traffic levels of 1985.

c. Tonnags at Locks. Based on average annual percent change during the
1977-1987 period, tonnage increased at all the locks on this river, varying
from 0.2% (Barkley) to 7.2% (Old Hickory) per annum. For 1987, actual tonnage
levels ranged from 0.8 million tons (Old Hickory) to 5.0 million tons
(Barkley). The 4.9 million tons at Cheatham was an 11.4% increase over 1986
1 evpl -'.

Tennessee River (Tables A-5-3F, and Figure A-5-2F,-3F).

a. Historical. Waterborne commerce on the Tennessee River reached an
all-tixe high of 42.1 million tons in 1986, higher than any of the other Ohio
River tributaries. Since 1982, growth has been due primarily to coal, which
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increased from 12.7 million tons in 1981 to over 21.5 million by 1985 (54
percent of total traffic). Traffic in nonmetallic mineraL-I and products has
also experienced renewed growth since the 1982 low of 2.8 million tons,
increasing to over 5.7 million tors in 1985. Farm products, particularly
grain and soybeans, experienced an average annual growth rate of 7.9 percent
between 1975 and 1986. Traffic reached a peak in 1984 at 4.7 million tons,
thern declined somewhat to 4 million tons in 1985 before recovering again to
4.5 million tons in 1986. Other principal commodities include petroleum
products and industrial chemicals. Petroleum products reached 2.3 million
tons in 1986, the highest level since 1979.

b. Forecast. Waterborne traffic on the Tennessee River is projected to
range between 47.1 and 56.6 million tons by 2000. In spite of significant
growth, even the highest projected growth rate is lower than the 3.1 percent
average annual growth rate of the 1975-86 period, largely because of a slower
growth rate in coal traffic in the near-term as nuclear plants in the region
come on line. Accri nting for 54 percent of tonnage in 1986, coal is the major
coumdity influencing future traffic forecasts. Of the other important
co modities on the Tennessee River, growth of nonmetallic minerals and
products traffic should remain relatively flat, while farm products traffic is
projected to increase.

c. Tonnages at Locks. Based on average annual percent change during the
1977-1987 period, all locks, except Wilson (-0.9%) and Wheeler (-1-0%),
showed growth in tonnage varying from 0.7% (Guntersville) to 12.2% (Watts
Bar). For the same period, actual tonnage increase ranged from 0.3 million
tons at Ft. Lodon to 10.1 million tons at Kentucky which recovered from low
levels in 1986 when it was closed part of the year for major rehabilitation.
The range of total tonnage for 1987 by lock is from 0.6 million tons (ft.
Loudon) to 30.1 million tons (Kentucky).

4. OPERATION AND MAINTENANCE COSTS (Table A-5-5).
O&M outlays increased from about $43 million in 1977 to abour $7 million

in 1986, or about a 21% increase in real terms when adjusLed for about 68%
inflation from 1977 to 1986. Traffic increased from abouat 46 billion ton-miles
to 62 billion ton-miles during the same period. O&M ccsts per ton-mile
increased from 0.9 mills in 1977 to 1.4 mills in 1986. This segment ranked
the third lowest of all nine segments in cost per ton-mile.

5. PRGRAM S=S (Table A-5-6).
a. Overview. During the late 1970s and the 1980s the Ohio River System

has been improved by an almost equal nitrber of construction id rehabilitation
projects. Of those projects und rway in the 190s six. are construction and
five are rehabilita-ion projects. Tgo corttruction projects (6Smithl'and and
Pickwick Locks and Liams) became opkerational in the first half of the decade.
The other four, authorized in 1986, arc scheduled to begin construction in the
late 1980s and to be completed and bxecome operational in the early and middle
1990s. Of the five rehabilitation projects, all on the Ohio River, three are
complete and the other two will be complete by 1991.

There are potentially 12 locks and dam projects and one channel project
that could be ready for construction in the 1990s on four of the eight
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waterway sub-systems. The construction work depends on the results of six
planning studies sclleduled for completion by 1993, subsequent project
authorization, and appropriation of funds by Congress.

b. Ohio River. There are currently two construction projects, two major
rehabilitation projects, and three studies, one of which is for
preconstruction engineering and design (PED).

(1). Smithland Locks and Dam is being completed in 1988 at a cost of
$274.1 million. Its twin 1200 foot long and 110 foot wide chambers on the
lower river were operational in 1980.

(2). Gallipolis Locks and Dam was authorized in 1987, and the
estimated $336 million project 1L> "ceduled to be completed in 1995 after the
locks are completed in 1991. The project will have a new 1200 by 110 foot
main chamber and a 600 by 110 foot auxiliary chamber constructed inland of the
existing locks, to maintain traffic during construction and to provide better
lock approach conditions. The project is 20 percent complete and will be 38
percent complete with funds requested for FY 1989. Work in 1988 and 1989
includes and continuation of lock and canal construction (about 85 percent of
costs) and continuation of land acquisition.

(3). Emsworth, Dashields and Montgomery Locks and Dams. These
structures, built between 1921 and 1936, are the last on the Ohio River with
small 600 feet lor main lock chambers. They are unable to lock the typical
15 barge Ohio River tow in a single lockage. Montgomery and Dashields Locks
and Dams are undergoing major rehabilitation that is scheduled to be completed
in 1988 and 1991. Completion at Dashields is 39 percent this year and 66
percent with funds requested for FY 1989. Rehabilitation work at Montgomery
and Dashields Locks and Dams involves restoration of lock walls, installing
new lock gates, replacement of mechanical and electrical equipment associated
with operation of the dam and locks, structural repairs to and replacement of
several dam components, and correction of undercutting problems around the
bas of Dashields Dam. Major rehabilitation of Emsworth Locks and Dam was
completed in 1985. The total cost for rehabilitating the three projects is
estimated to be $104.1 million. A study examining the three undersized and
old facilities, 80 percent complete this year, will be completed in 1990.Preliminary studies indicate that the most favorable plan is to rehabilitate
or replace the dams and replace the locks with 110 by 1200 foot chambers at a
cost of $693 million.

(4). Construction of Olmsted Locks and Dam to replace Locks and Dams
52 and 53 was authoiized in 1988. Estimated cost for the project, consisting
of twin chambers 1200 feet long and 110 feet wide and a dam that includes a
1,120 foot wide navigable pass section, is $775 million.
Preconstruction engineering and design on Olmsted Locks and Dam, 26 percent
coamplete this year, will be completed in 1992 at a cost of $20.9 million.
T7VTo3!Ly 1200 by 110 foot locks were completed at Locks and Dams 52 and 53 in
1969 and 1980 respectively to permit transit of 15 barge tows with one
lockage. Both dams are designed with a navigation pass which, during periods
of sufficient flow (about 60% of the time) can be used to provide navigation
through the dam. The temporary locks are affected by deflection of the cells,
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which affects the safety of the locks and lock filling and emptying times are
extremely long. To ensure continued navigation until the Olmsted project is
in place, interim rehabilitation of Locks and Dames 52 and 53 was completed in
1986 for a total of $13.4 million.

(5). McApine Locks and Dam is the focus of a continuing study of the
Lower Ohio River. The project in Louisville has thrlee locks with sizes of
1200 and 600 feet by 110 feet and 360 feet by 56 feet. The largest chamber
is only 27 years old. but the auxiliary chambers are 67 and 58 years old (The
latter is inoperable.). Problems at McAlpine L&D include increasing
congestion, operation and navigation complexities associated with a canal and
several bridges, and an inefficient and obsolete 110 by 600 foot auxiliary
chamber that essentially reduces the McAlpine facility to a single chamber
project. Current feasibility studies indicate that an additional 110 by 1200
foot chamber at a cost of approximately $200 - $250 million is needed by the
year 2000. The feasibility study will be ccpleted in FY 89 and the project
will be eligible for Planning, Engineering and Design (PED) in FY 90.

c. Monongahela River. There are two construction projects, a recently
completed major rehabilitation project, and a study of the downriver locks and
dam.

(1). Locks and Dams 7 and 8 at Grays Landing and Point Marion about
85 and 91 miles above the river mouth will have their old, 360 by 56 foot
locks replaced with 720 foot long and 84 foot wide chambers compatible with
other new locks on the river. Point Marion's estimated cost is $82.9 million,
while the estimated cost of Grays Landing, where the dam will also be
replaced, is $167.2 million. At Grays Landing the lock will be completed in
1993 and the entire project in 1995. it is 6 percent ccmplete this year and
will be 15 percent complete with funds requested for FY 1989. Work in 1988
and 1989 includes initiation and continuation of bank excavation (about 55% of
costs) and coordination of land acquisition. Hmcever, Point Marion Lock and
Dam is only 1 percent complete and is scheduled to begin construction in FY
1990.

(2). Locks and Dams 2, 3, and 4 are being studied to determine what
navigation structure improvents are needed for the aged and deteriorating
facilities. The condition and size of these locks are a major inpediTent to
low cost water transportation in the Monongaiela Valley. Replacement and/or
rehabilitation will be needed in the near future. Early study results
indicate that replacing existing narrow 56 foot chambers with 84 by 720 foot
locks and rehabilitation or replacement of the dams is needed and feasible at
a cost of $350 million. Study completion is scheduled for FY 90. FY 89 funds
will be used to substantially cxxplete a preliminary draft feasibility report.
Major rehabilitation of Locks and Dam 3 was completed in 1980 at a cost of
$16.0 million.

d. Kanawha River. One project is under construction and two old, small
locks are under study for replacement.

(1). Winfield Locks and Dam, the busiest project in the inland
navigation system in terms of lockages, is under construction to provide an
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800 foot long and 110 foot wide lock landward of the 51 year old, twin 360 by
56 foot chambers. The scheduled coupletion date for the estimated $153
million project is indefinite. It is 2 percent complete this year and will be
6 percent complete with funds requested for FY 1989. Work in 1988 and 1989
includes continuation of land acquisition (about 50% of costs) as well as
engineering and design.

(2). Marmet Lock and Dam, which is 53 years old, is the second
busiest lock in the Ohio River systmi, due to its small twin 56 by 360 foot
chambers which can only process one modern "Jumbo" barge at a time.
PreliAminary assessment indicates that. replacing one of the chumbers with a
larger lock is feasible at a cost of about $150 million. The study is
presently scheduled for completion i FY 90. Preconstruction Engineering and
Design would begin in BY 91. The study of London, only 15 percent complete
this year, is scheduled for completion in 1992.

e. Kentucky River. The navigation interim study on modernization of the
lower 85 miles of the Kentucky River has been discontinued. Locks and Dams 1
through 4 are only 145 feet long and 38 feet wide single chambers over 140
years old. The channel is only six foot deep. The 1986 Water Resources
Develop ent Act authorized disposal of Loaks and Dams 5 through 14 to the
Commonwealth of Kentucky without and y construction cost.

f. Green River and Barren Rivers. Further studies of the Green River
Navigation Project are deferred and not presently scheduled for completion. In
FY 89, funds were appropriated for a reconnaissance report on navigation
modernization. Local interests desire restoration of navigation to Bowling
Green, Kentucky, through construction of a multipurpose lake with a navigation
lock.

g. Cumberland River.

(1) Ten narrcw tight bends on the lower Cumberland River discourage
in&k,:try frcm using the Barkley Lock and Dam. The congested Kentucky Lock and
Dam on the Lower Tennessec. River is the preferred route. Preliminary
indications are that widening critical bendways and constructing and
additional lock. at Kentucky Lock and Dam will be required. Study ccmpletion
is now scheduled in FY 90.

(2) Construction of the authorized Celina Dam for about $213 million
(1984 estimate) at the Kentucky-Tennessee state line would provide for the
inclusion of a 400 by 84 foot lock for about $39 million (1959 estimate) when
it is warranted. Neither this irxactive project nor consideration of a barge
lock. or lift at Wolf Creek Dam 80 miles upriver is being included in the
Cumberland-'I'ennessee Rivers study.

h. Tennessee River. Kentucky Lock and Dam will be included in late 1988
C:nberiard-Tannessee Rivers Below Barkley Canal Interim Report because of
potential increased traffic stemming from: (1) increasing Cumberland River
traffic using Barkciey Canal and Kentucky Lock rather than the Lower Cumberland
Rivero, (2) increasing Tentessee River traffic, and (3) new traffic using the
Tennp9see-'Pombigbee Waterway.
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(2). Pickwick Locks and Dam opened in 1984 with a new 1000 foot long
and 110 foot wide main chamber colstructed for $127.8 by the Tennessee Valley
Authority a few miles downriver from the Tennessee-Tcmbigbee Waterway's
junction with the Tennessee River.

(3) The middle Tennessee River, with a 600 by 110 foot main or single
chamber lock at Wilson, Wheeler, Guntersville, and Nickajack Locks and Dams,
is included in the Cmberland-Tennessee Rivers study. They will be discussed
in the 1993 main report.

(4). Chickamauga, Watts Bar, and Fort Loudon Locks and Dams, with 45
to 48 year old single chambers of 360 by 60 feet, will be the focus of a 1992
interim study report on the upper Tennessee River. These projects are not
large enough to handle the modern Tennessee River tow of up to 15 barges
causing excessive delays and hampering the develop~ent of natural resources
and industrial potential upstream of Chattanooga, 'IN. Preliminary
reconnaissance level studies indicate that new 110 by 600 foot locks at each
of these facilities would significantly reduce these congestion problems.
Consideration is being given to 600 by 110 foot chambers that would be
ccpatible with locks downriver.

6. LOCK CAPACITY CHARACTERISTICS (Table A-5-7).
The source of capacity range data is National Waterways Study - A

Framework for Decision Makinq - Final Report, Appendix D, National Waterways
Reach Sunmries, Institute of Water Resources, January 1983. Capacity range
values were again reviewed by the districts in 1987 and 1988. Historical
tonnages are from lock PMS data and is also from Table A-5-4.
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TABLE A-5-1
SEGMENT NUMBER 5

OHIO RIVER SYSTEM

PHYSICAL CARACESTICS OF LOCKS

CHAMBERS
MILES

WATERKAY/IOCK ABOVE YEAR AGE AS WIDIH LENGTH LIFT
NAME OR NUMBER MOUTH OPENED OF 1988 (FEET) (FEET) (FEET

Ohio River
Ensworth 974.8 1921 67 110 600 18

1921 67 56 360 18

Dashields 967.7 1929 59 110 600 10
1929 59 56 360 10

Montgoiery 949.3 1936 52 110 600 18
1936 52 56 360 18

New CLbrland 926.6 1959 29 110 1200 21
1959 29 110 600 21

Pike Island 896.7 1965 20 110 1200 21
1965 20 110 600 21

Hannibal 854.6 1973 16 110 1200 21
1973 16 110 600 21

Willow Island 819.3 1973 16 110 1200 20
1973 16 110 600 20

Belleville 777.1 1969 20 110 1200 22
1969 20 110 600 22

Racine 743.5 1970 17 110 1200 22
1970 17 110 600 22

Gallipolis 701.8 1937 51 110 600 23
1937 51 110 360 23

Gallipolis (u. const) 279.2 1991 110 1200 23
1991 110 600 23

Greenup 640.0 1959 29 110 1200 30
1959 29 110 600 30

Meldahl 544.8 1962 26 110 1200 30
1962 26 110 600 30

Markland 449.5 1963 25 110 1200 35
1963 25 110 600 35

McAlpine 374.2 1961 27 110 1200 37
1921 67 110 600 37
1930* 58 56 360 37

Cannelton 260.3 1972 16 110 1200 25
1972 16 110 600 25

Newburgh 204.9 1975 13 110 1200 16
1975 13 110 600 16

Uniontown 135.0 1975 13 110 1200 13
1975 13 110 600 18

Smithland 35.3 1980 8 110 1200 22
1980 8 110 1200 22
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TABLE A-5-1 (Continued)
SEaMENT NUMBE 5

OHIO RIVM- SYSTEM

PHYSICAL CRARACIERISTICS OF LOCKS

CHAMBERS
MILES

WkTEM Y/LOCK ABOVE YEAR AGE AS WIDT LEWTH LIFT
NAME OR NUMBER MOTH OPENED OF 1988 (FEET) (FEET) (FEET)
L&D 52 42.1 1969 19 110 1200(T) 12

1928 60 110 600 12
L&D 53 18.4 1980 8 110 1200(T) 12

1929 59 110 600 12
Olmted (PED) 17.6 - - 110 1200 -

- - 110 1200 -

Monongahela River
L&D 2* 11.2 1951 37 110 720 9

1953 82 56 360 9
L&D 3 23.8 1907 81 56 720 8

1907 81 56 360 8
L&D 4 41.5 1932 56 56 720 17

1932 56 56 360 17
Maxwell 61.2 1964 24 84 720 20

1964 24 84 720 20
Grays Lardirg (L&D 7) 85.0 1925 63 56 360 15
Grays Landrg (u.const) 82.0 1993 - 84 720 15
Pt. Marion (L&D 8) 90.8 1925 63 56 360 19
Pt. Marion (u. const) 90.8 - - 84 720 19
Morgantown 102.0 1950 38 84 600 17
Hildebrand 108.0 1959 29 84 600 21
Opekiska 115.4 1964 24 84 600 22

Allecheny River
L&D 2 6.7 1934 54 56 360 11
L&D 3 14.5 1934 54 56 360 14
L&D 4 24.2 1927 61 56 360 11
L&D 5 30.4 1927 61 56 360 12
L&D 6 36.3 1928 60 56 360 12
L&D 7 45.7 1930 58 56 360 13
L&D 8 52.6 1931 57 360 18
L&D 9 62.2 1938 50 56 360 22

Kanawha River
Winfield 31.1 1937 51 56 360 28

1937 51 56 360 28

(T) Temporary locks
* The project was built in 1906; a new 110 by 720 lock use added

in 1951, and the 360-ft lock was rebuilt in 1953.

A-5-14



TABLE A-5-i (Continued)
SEGMENT NUMBER 5

OHIO RIVER SYSTEM

PHYSICAL CHARACTERISIS OF LOCZKS

CHAMBERS
MILES

WkTEEMAY/CK ABOVE YEAR AGE AS WIDIH LENGTH LIFT
NAME OR NUMBER MOUTH OPENED OF 1988 (FEET) (FEET) (FEET)

Winfield (u. const.) ..-- 110 800 28
Marmet 67.8 1934 54 56 360 24

1934 54 56 360 24

London 82.8 1934 54 56 360 24
1934 54 56 360 24

Kentucky River
L&D 1 4.0 1839 149 38 145 8
L&D 2 31.0 1839 149 38 145 14
L&D 3 42.0 1844 144 38 145 13
L&D 4 65.0 1844 144 38 145 13

Green/Barren Rivers
L&D 1 9.1 1956 32 84 600 12
L&D 2 63.1 1956 32 84 600 14
L&D 3* 108.5 1836 152 36 138 17

L&D 4* 149.0 1836 152 36 138 17
L&D 1* (Barren R.) 15.0 1934 54 56 360 -

Cumberland River
Barkley 30.6 1964 24 110 800 57
Cheatham 148.7 1952 36 110 800 25
Old Hickory 216.2 1954 34 84 400 60
Cordell Hull 313.5 1973 15 84 400 59

Tennessee/Clinch Rivers
Kentucky 22.4 1942 46 110 600 56
Pickwick 206.7 1937 51 110 600 55
(u. const.) 1984 5 110 1000 55
Wilson 259.4 1927 61 60 300 94

1927 61 60 292 --
1959 29 110 600 94

Wheeler 274.9 1963 25 110 600 48
1934 54 60 400 48
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TABLE A-5-1 (Continued)
SEMENT NUMBER 5

OHIO RIVER SYSTEM

PHYSICAL CARACTERISTICS OF LOGKS

CHAMBERS
MILES

WATEWAY/LOCK ABOVE YEAR AGE AS WIDTH LENGTH LIFT
NAME OR NUMBER MOUTH OPENED OF 1988 (FEET) (FEET') (FEET)

Guntersville 349.0 1965 23 110 600 39
1937 51 60 360 39

Nickajack 424.7 1967 21 110 600 39
Chickamauga 471.0 1937 51 60 360 49
Watts Bar 529.9 1941 47 60 360 58
Tt. Loudon 602.3 1943 45 60 360 72
Melton Hill (Clnch R.) 23.1 1963 25 75 400 58

* - Not operational
Source: Annual Report FY86 of the Secretary of the ArM on Civil Works Activities,

Volume II, Appendix C: Navigation Locks and Dans Operable September 30, 1986
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FIGURE A-5-2A
SEGMENT NUMBER 5

OHIO RIVER SYSTEM TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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DATA SOURCE: WATERBORNE COMMERCE. ANNUAL
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FIGURE A-5-3A
SEGMENT NUMBER 5

OHIO RIVER SYSTEM
HISTORIC 1972-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-5-2B
SEGMENT NUMBER 5

OHIO RIVER - MAIN STEM TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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DATA SOURCE: WATERBORNE COMMERCE. ANNUAL.
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FIGURE A-5-36
SEGMENT NUMBER 5

OHIO RIVER-MAINSTEM TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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GRAPHED BY IWR. HISTORIC OATA-WCSC. PROJECTIONS-VARIOUS.
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FIGURE A-5-2C
SEGMENT NUMBER 5

MONONGAHELA RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-5-3C
SEGMENT NUMBER 5

MONONGAHELA RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-5-2D
SEGMENT NUMBER 5

KANAWHA RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-5-3D
SEGMENT NUMBER 5

KANAWHA RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-5-2E
SEGMENT NUMBER 5

CUMBERLAND RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-5-3E
SEGMENT NUMBER 5

CUMBERLAND RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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FIGURE A-5-2F
SEGMENT NUMBER 5

TENNESSEE RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-5-3F
SEGMENT NUMBER 5

TENNESSEE RIVER TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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SEGMENT NUMBER 6
GULF INTRACOASTAL WkTERAY

1. PHYSICAL CHARACTERISTICS.
a. Channels (Figure A-6-1). This segment consists of the Gulf Intracoastal

Waterway (GIWW) from Apalachee Bay near St. Marks, Florida, to the Mexican
border at Brownsville, Texas 1,113 miles, including the GIWW alternate route
from Morgan City to Port Allen, Louisiana (64 miles); the Apalachicola,
Chattahoochee, and Flint Rivers (297 miles); and the Pearl River (58 miles).
The main channel project depth for the GIWW and the alternate route is 12 feet
deep and 125 feet wide, except for 150 feet wide between the Mississippi River
and Mobile Bay portion of the GIWW-East. The portion of the GIWW from
Carabelle, about 20 miles west of Apalachee Bay, to St. Marks, at the head of
the bay, has not been constructed. That requires use of an open water route
on the Gulf of Mexico and Apalachee Bay. The A-C-F is nine feet deep and 100
feet wide and the Pearl River is 7 feet deep and 100 feet wide. During dry
periods the nine-foot depth on the A-C-F is not always available. There are
about fifteen GIWW side channels and tributaries ranging from two to 35 miles
long and the usual dimensions are 12 feet deep and 125 feet wide or 9 by 100
feet. The GIWW connects with nine non fuel taxed waterways and 23 harbors
along the Gulf Coast with over 250,000 tons of traffic. The Okeechokee
Waterway connects the Atlantic and Gulf sections of the intracoastal waterway
by traversing the southern part of the Florida peninsula via Lake Okeechokee.
It has a 155 mile channel that is mostly eight feet deep and 80 to 100 feet
wide between Stuart, about 240 miles south of Jacksonville on the Atlantic
side, and Fort Myers, about 100 miles south of Tampa Bay on the Gulf side.
The Intracoastal Waterway from the Chattachoochee River (Okeechokee Waterway)
to the Anclote River provides a 160 mile long channel nine feet deep and 100
feet wide from Fort Myers generally along inside protected waters north to
Japan Springs, about 60 miles north of Tampa Bay. Neither this IWW nor the
Okeechokee waterway is the fuel taxed waterway.

b. locks (Table A-6-1). There are locks on all three waterways with the
GIWW having ten and two floodgates, the A-C-F having three locks and dams, and
the Pearl River having three locks. On the GIWW lock sizes include 425, 640,
747, and 760, and about 1200 (five locks) foot lengths and 75 foot widths
except for 56, 84, and 110 feet at three locks. Lifts range from 5 to 45 feet
with greater lift found at locks close to the Mississippi River. Inner Harbor
Lock is 65 years old and Harvey Lock is 54 years old, but the other eight
locks and two floodgates are 3 to 37 years old. On the A-C-F the three locks
are 450 feet long and 82 feet wide. Their lift is about 30 feet at two locks,
but 88 feet at the third. The Pearl River locks are 310 by 65 feet and have
lifts of 11 to 27 feet. The locks on the A-C-F are 25-34 years old while the
Pearl River locks are 37 yeals old. There are five locks and dams on the
Okeechokee waterway that are 50 or 56 feet wide, 250 or 400 feet long, and 13
to 51 years old. No data on the locks is provided in the following tables
since the locks are not on a fuel taxed waterway.

2. PERFORMANCE CHARACTERISTICS (Table A-6-2).
The total average processing time ranged from 41 minutes to 592 minutes

(9.87 hours). For the locks for which data was available, the median value is
94.5 minutes. Total peak average processing time for the 1980-1987 time
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period ranged from 26 minutes (1986) at Brazos River East Gate to 1010 minutes
or 16.83 hours (1980) at Calcasieu Lock. In this segment, the highest total
peak average processing time from 1980 to 1987, occurred at Calcasieu Lock in
1980 (1010 minutes). Total delay in 1987, ranged from 3841 hours to 106,551
hours. For locks which had data available, total delay had a median value of
9399.5 hours, and four locks (Harvey Lock, Bayou Boeuf, Port Allen, and Bayou
Sorrell) fell below this value. The peak total delay for the 1980-1987 time
period varied from 18 hours (1983) at Walter F. George to 180,279 hours
(1980) at Inner Harbor. From 1980 through 1987, Inner Harbor had the highest
peak total delay of 180,279 hours in 1980. Lock utilization for 1987 ranged
fram 41% to 100%. For the locks for which data was available, the median lock
utilization value for 1987 was 68%. The peak lock utilization data from 1980
to 1987 ranged from 21% (1986) at Colorado River West Lock to 100% (1987) at
Inner Harbor. In this segment, the highest peak utilization rate for the
1980-1987 time period occurred in 1987, for Inner Harbor (100%). Total
downtime for 1987, ranged from 5 hours to 1616 hours. For the locks for which
data was available, the 1987 median value was 239 hours and Inner Harbor and
Port Allen had total downtime hours considerably above the median. The total
peak downtime varied from 0 hours at Brazos River East Gate and Colorado River
East Lock to 3755 hours (1981) at Harvey Lock. The highest total peak
downtime, during the 1980-1987 time period, occurred in 1981, at Harvey Lock
(3755 hours). Total stall events for 1987 ranged from 3 to 285. For the
locks where data was available, the median value of 63 stall events and Harvey
Lock was the only lock that had stall events far in excess of the system
median. The total peak stall events, fram 1980 through 1987, ranged from 0 at
Brazos River East Gate and Colorado River East Lock to 610 at Inner Harbor in
1984. In this waterway, for the 1980-1987 time period, the highest total peak
stall events occurred at Inner Harbor in 1984 (610 stall events).

3. CCO?4ODITY TRAFFIC (Tables A-2, A-6-3A,-4); (Figures A-6-2,-3).
a. Historical. Traffic on the Gulf Intracoastal Waterway, which had

declined from a peak of 109 million tons in 1972 to a low of less than 82
million tons during the 1982 recession, recovered to 106 million tons in 1986.
The importance of this waterway to the petrochemical industries of the Texas
and Louisiana coasts can be seen in the mix of traffic utilizing it. Unlike
most of the inland waterways, traffic in crude petroleum and petroleum
products has been increasing recently, on the GIWW. Petroleum products,
particularly gasoline and distillate and residual fuels, reached a peak in
1986 of 36.7 million tons (over 35 percent of total GIWW traffic), up from 27
million in 1975. Crude petroleum, which had declined from 24.7 million tons
in 1977 to 15.2 million in 1981, recovered steadily to 20.7 million tons in
1986. Industrial chemicals, which had declined from over 15 million tons in
1979 to less than 12.5 million during the 1982 recession, rebounded to a peak
in 1986 of nearly 17.1 million tons. Other inportant commodities include non-
metallic minerals and products, coal, and metallic products and scrap. Coal
has increased significantly from a !983 low of 3.9 million tons to nearly 8.8
million in 1986.

b. Forecast. Total tons on the GIWW are projected to decline slightly
under low scenario assumptions to 101.7 million tons due to lower petroleum
movemnts by 2000. Under the high scenario crude movements decline less and
products and coal increase moderately, pushing total tonnage up to 131.0
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million by 2000 (see Figure A-6-3). These projections are adjusted to account
for historic traffic fluctuations on the GIW. Petroleum products shipments
accounted for 35 percent of all tons in 1986 and make up the major commodity
group influencing future traffic forecasts. Lower petroleum prices are
primarily responsible for the recent surge in demand for petroleum products,
especially residual fuel oil. Continued demand for residual oil by electric
utilities, as well as increasing demand for gasoline, diesel, and jet fuel by
the transportation sector, should stimulate slow but steady growth in
petroleum products traffic. Crude petroleum movements on the GIWW (20 percent
of the total traffic in 1986) are projected to decline under all scenarios at
varying rates, thereby dampening total traffic forecasts. Ii contrast,
industrial chemical shipments (16 percent of 1986 traffic) should grow
significantly and provide a positive stimulus to total GIWW traffic.

c. TonnaQes at Locks. Based on average annual percent change during 1977-
1987 at all locks for which data were available, changes ranged from -7.5
percent (Harvey Lock) to 3.1 percent (Port Allen) per annum. For 1987, actual
tonnage changes from 1977 ranged from a decrease of 4.2 million tons at Harvey
to an increase of 5.0 million tons at Port Allen (actually more than 5.0
million tons because the 1987 Port Allen data excluded September and October).

4. OPERATION AND MAINTENANCE COSTS (Table A-6-5).
O&M costs in actual dollars increased from about $23 million in 1977 to

about $38 million in 1986, or about a 3% decline in real terms when adjusted
for about 68% inflation during the same period. Traffic decreased from about
20 billion ton-miles in 1977 to about 19 billion ton-miles in 1986. O&M costs
per ton-mile increased from 1.1 mills in 1977 to 2.0 mills in 1986. The ton-
mile cost on this segment ranked the fifth lowest of all nine segments.

5. PROGRAM SMUS (Table A-6-6).
a. Overview. There are five projects authorized for construction, of which

one is proceeding, two are in preconstruction studies, and two are deferred
due to unfavorable studies. There are one navigation study and four basin
studies, of which two concern non-fuel-taxed waterways.

b. GIWW.

(1) The Inner Harbor Navigation Canal (IHNC) Lock, part of the
Mississippi River - Gulf Outlet project, was authorized in 1986 for
construction of a replacement shiplock at that site or at the Violet site in
St. Bernard Parish with dimensions of 1,200 feet long, 110 feet wide, and 40
feet deep. The shiplock portion of the MRGO project, with an estimated cost
of $685.5 million, is 18 percent complete this year and with funds requested
for FY 1989. An updated reanalysis study began in 1986 and is expected to be
completed in 1990. Until the study is completed, the cost estimates for
cnnstruction of the shiplock and user fund and non-federal shares are
tentative. In 1987 the St. Bernard Parish Police Jury voted against siting
the new lock in St. Bernard Parish. If economically justified and if a
positive recommendation is made, then construction could begin in the mid-
1990's. Completion of the shiplock is indefinite pending a decision to
initiate construction.
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(2) The $4.4 million study of the Louisiana - Texas section is
determining if the existing project should be modified, particulary with
regard to widening and deepening the channels. It is 85 percent complete this
year and will be 89 percent complete with funds requested for FY 1989. It is
scheduled for completion 1990. Work in 1988 includes continuation of
preliminary engineering and design, continuation and completion of economic
studies, environmental analyses, and cost estimates, and beginning preparation
of the draft report and EIS.

(3) The study of the Channel to Victoria for 35 miles via the
Guadalupe River was completed in 1985 and reccmuinded enlargement of the
canel from 9 foot deep and 100 foot wide to the standard GIWW dimensions of
12 by 125 feet. Construction of the $23.9 million project may be authorized
in 1983. Preconstruction engineering and design costing $0.7 million is
scheduled for initiation in FY 1989 and completion 1991. Although a part of
the fuel taxed inland waterways system, the project is being considered as a
channel for a harbor of 20 foot depth or less for cost sharing purposes.
Therefore no money for the project would be drawn from the Inland Waterways
Trust Fund.

(4) The authorized completion of the GIWW from Carrabelle to St.
Marks, Florida, was deferred for restudy some years ago. A restudy completed
in 1969 determined that the most feasible route from a navigation and economic
standpoint would have an adverse environmental effect. The unfavorable report
caused the project to be classified as deferred for restudy.

c. Apalachicola, Chattahoochee, and Flint Rivers. The basin is being
studied for development of water management plans for the system that will
consider water-related needs of all users. The $2.3 million study, which will
feature a navigation maintenance plan, is scheduled tor completion in December
1988.

d. Pearl River.

(1) The Pearl River has been removed from caretaker status and will be
open to navigation in FY 1989. Local interests requested that maintenance of
the West Pearl River channel and operation of the three locks be resumed due
to the prospects for a resumption of traffic from Bogalusa, Louisiana, to the
mouth.

(2) The basin $8.7 million multiple purpose study will be completed in
1989. Navigation studies including the existing authorized navigation on the
West Pearl River, an extension of navigation on the East Pearl River for about
25 miles to Picayune, Mississippi, and navigation to Port Bienville,
Mississippi, were completed in 1987. The Port Bienville local sponsor
indicated they would not be financially able to cost share in the construction
and maintenance of the proposed project.

(3) The reconnaissance phase of the Lower Pearl River Basin flow
distribution study in being initiated in FY 1988. Problems affecting
navigation and other purposes have been created by low flow and from the East
Pearl River being diverted into the West Pearl River. the reconnaissance
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phase will be ccmpleted in 1989 and the feasibility study in 1992. The study
is 32 percent complete in 1988 and will be about 65 percent complete with
funds requested for FY 1989. The federal study cost is $0.6 million out of a
total. cost of $1.0 million.

e. Non Fuel Taxed Waterwavs.

(1) The GiWW, St. Marks to Tampa is authorized for a 234 mile route
skirting the shoreline frcm St. Marks to the Anclote River, and then along the
aligment of the existing Intracoastal WatkZrway's nine foot channel to Tampa
Bay. No work has been accmplished. An economic restudy in 1985 indicated
that economic justification would be lacking without completion of the GIW,
Carrabelle to St. Marks, and the Cross Florida Barge Canal.

(2) The Mermentau, Vermilion. and Calcasieu Rivers and Bayou Teche
are the subject of a $5.2 million multiple purpose basin study that includes
navigation. The study is scheduled for completion in 1994, but an interim
report on the lake Charles Ship Channel will be ccpleted in 1987. Interim
reports on navigation cbannels to the Gulf of Mexico via the Mermentau River
and from New Iberia were coopleted in 1975 and 1981 respectively.

(3) The Trinity River, Channel to Libery. Texas, was authorized in
1965 as part of a multiple purpose project that included a navigation channel
with locks and dams to Dallas and Fort Worth. The $1,003 million Trinity River
project is now limited to the 12 foot deep and 200 foot wide multiple purpose
channel that would extend from the Houston Ship Channel eastward across
Trinity Bay and northward along the shore and up the Trinity River through the
600 by 84 foot Wallisville Lock and Dam to Liberty (river mile 45). A 1973
injunction court halting work in 1973, when construction was 72 percent
ccmplete, was lifted in 1987. Coletion of preconstruction studies on the
$175.2 million channel project are now indefinite due to the indefinite nature
of project benefits. An economic reevaluation performed in FY 1986 revealed
the authorized 200 foot wide channel was not feasible, but two smaller
alternatives (100 foot and 75 foot width) navigation projects were potentially
economically feasible. The inactive studies to prepare a supplement to the
Riase I General Design Memorandum and the Environmental ITpact Statement are
aimed at optimization of a scaled-down navigation channel.

(4) The Brazos River and Tributaries $8.1 million basin multiple
purpose study is determining needs and solutions for iprovements for
navigation and other purposes, but there is no navigation project on the river
above Freeport Harbor at the Gulf Coast. The study is scheduled for
campletion in 1991. A study of a shorter route between Freeport and the Gulf
of Mexico through the Brazos River Diversion channel for use by offshore crew
and servic0e vessels and conaercial fishing boats would began in BY 1988 and
will I>e camleted in 1991. The federal study cost is $0.7 million out of a
total cost of $1.0 million.

(5) The Mouth of the Colorado River, Texas, project costing $37.5
million is scheduled for completion in 1991. It is 49 percent complete and
will be 66 percent complete with funds requested for FY 1989. The 6.5 mile
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long, 12 by 100 foot navigation channel to Matagorda on the GIWW will benefit
compercial fishing boats and oil field service vessels operating in the area
and provide reliable access to the harbor of refuge on the Colorado River
above Matagorda. Work in 1988 and 1989 includes initiation and completion of
construction of the division channel, including levels and retaining works
(59% of funds), initiation and capletion of dredging in the harbor and
turning basin, and initiation of dredging of the inside navigation channel,
iqmuntnt basin, and jetty entrance channel.

6. LOCK CAPACITY CA/RACTERISTICS (Table A-6-7).
The source of capacity range is National Waterways Study - A Framework for

Decision Making - Final Report, Appendix D, National Waterways Reach
Sumaries, Institute of Water Resources, January 1983. Capacity range values
were again reviewed by the districts in 1987 and 1988. Historical tonnages
are from lock PMS data and is also from Table A-6-4.
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TABLE A-6-1
SBGMENT NUMBER 6

GULF INTRACOASTAL WAMEAY

PHYSICAL CHARACERISTICS OF IOMYS

CHAMBERS

WATEIY/WC RIVER YEAR AGE AS WIDIH T GIH LIFT
NAME OR NUMBER MILE OPENED OF 1988 (FEET) (FEET) (FEET)

Gulf Intracoastal Waterway
Inner Harbor 92.6 1923 54 75 640 17
Harvey Lock 98.2 1935 53 75 425 20
Algiers Lock 88.0 1956 32 75 760 18
Bayou Boeuf Lock 93.3 1954 38 75 1156 11
lelard Bman Lock 162.7 1985 3 110 1200 5
Calcasieu Lock 238.5 1950 34 75 1206 4
Brazos River E. Fldgt 404.1 1954 34 75 - -
Brazos River W. Fldgt 404.1 1954 34 75 - -
Colorado River E. Lock 444.8 1954 34 75 1200 5
Colorado River W. Lock 444.8 1954 34 75 1200 5

GIWW, Morgan City- Port Allen Rt.
Port Allen 227.6 1961 27 84 1202 45
Bayou Sorrel 131.0 1952 36 56 747 21

Aa1achicola. Chattahoochee, and Flint Rivers
Jim Woodruff 106.31 1954 34 82 450 33
George W. Andrews 154.3 1962 26 82 450 25
Walter F. George 182.8 1963 25 82 450 88

Pearl River
Lock 1 28.7 1951 37 65 310 17
Lock 2 40.8 1951 37 65 310 15
Lock 3 14.0 1951 37 65 310 11

Source: Anna Report FY86 of the Secretary of the Army on Civil Works
Activities, Volume II, Appendix C: Navigation Locks and Dams Operable
September 30, 1986.
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FIGURE A-6-2
SEGMENT NUMBER 6

GULF INTRACOASTAL WATERWAY TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-6-3
SEGMENT NUMBER 6

GULF INTRACOASTAL WATERWAY TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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SEGMENT NUMBER 7
MOBILE RIVER AND TRIBJTARIES

1. PHYSICAL CRARACIrERSTICS.
a. Channels (Figure A-7-1). The Mbile-Tombigbee-Black Warrior Rivers

system is 453 miles long from Mobile Bay to the head of navigation northwest
of Birmingham on Locust, Mulberry, and Sipsey Forks. The Alabama River
project length is 305 miles fran its junction with the Tombigbee River to form
the Mobile River to Wetumpka, about 10 miles above Montgomery. The Coosa
River is 286 miles long from Wetumpka to Rome, Georgia, but that portion of
the authorized project has not been develcped for navigation. The
Tenness igbee Waterway, which extends fran its junction with the
Tennessee River near the intersection of the Tennessee, Alabama, and
Mississippi state borders to the confluence of the Black Warrior River with
the Tombigbee River, is 234 miles long. T-he project depth is nine feet except
for twelve feet in the canal and divide sections of the Tennessee-Tcmbigbee
Waterway. The project width is 200 feet on the rivers and 300 feet on the
waterway, except for 280 feet in the divide cut.

b. Locks (Table A-7-1). The locks are 600 feet long, except at Oliver Lock
and Dam, which has a 460 foot length. Lock widths are 110 feet or 84 feet on
the Alabama River, except for 95 feet at Oliver Lock and Dam. Lock lifts
range from 30 to 48 feet on the Alabama River, 22 to 68 feet on the Black
Warrior-Tambigbee Rivers, and 25 to 84 feet on the waterway. Average lift for
the locks on the three waterways is 41, 43, and 34 feet, respectively. All
the facilities are 34 years old or younger, except for Oliver Lock and Dam,
which is 49 years old.

2. PERFORMANCE CaARACIERISrICS (Table A-7-2).
Data are unavailable for this waterway for 1987. The total peak average

processing time ranged from 35 minutes (1983) for Claiborne to 2,879 minutes
or 47.98 hours (1984) for Selden (Warrior). Selden (Warrior) lock had the
highest total peak processing time for the 1980-1987 time period of 2879
minutes in 1984. The peak total delay varies fran 1 hour (1985) for Lock E to
7711 hours (1981) for William Bacon Oliver. Fran 1980 through 1987, the
highest peak total delay was 7711 hours for William Bacon Oliver in 1981.
The peak lock utilization rate for 1980-1987 ranged from 74% (1985) to 92%
(1985). Based on the peak utilization data 1985 seems to have been the
busiest year for this waterway segment. All the locks had peak utilization
rates in the year 1985. However, William Bacon Oliver had the highest peak
utilization of 92% (1985) for the 1980-1987 time period. The total peak
downtime fronm 1980-1937 ranged frcan 0 hours to 4653 hours in 1981. The
highest peak total downtime hours for the 1980-1987 time period occurred at
Demopolis lock in 1981 (4653 hours). Peak stall events ranged from 0 to 238
(1980). From 1980 through 1987, the highest peak number of stall events was
238 in 1980 for Seledn (Warrior) lock.

3. COMMODITY TRAFFIC (Tables A-2, A-7-3A,-4); (Figure A-7-2,-3).
a. Historical. Traffic on the Black Warrior-Tombigbee Waterway coponent

of the Mobile River and Tributaries segment reached a peak in 1984 of 19.6
million tons when coal movements were at record levels. The other waterways
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feeding into this system carry much smaller, though increasing, volumes of
traffic. Traffic on the Alabama River and the Tennessee-Tombigbee Waterway
reached 4.1 and 3.6 million tons, respectively, in 1986. Black Warrior
-Tcmbigbee traffic has fluctuated fra year to year, but generally increased
from 1965 (7.8 million tons) to 1980 (16.7 million tons). A decline to 14.7
million tons occurred by 1983 before the sudden upsurge in 1984. Total
tonnage declined in 1985 to 18.9 million and then declined again in 1986 to
17.9 million tons as coal movements continued to fall. Coal is the principal
clfdity (55 percent in 1986). Metallic ores and products have also been
historically significant, although this group declined precipitously after
1981. More recently, metallic ores and products traffic has been regaining
lost share, reaching nearly 2 million tons in 1986, the highest level since
1981. Forest products traffic, only minor historically, have shot up from 0.2
to 2.8 million tons between 1983 and 1986, making this the second largest
camnodity group.

b. Forecast. Between 1986 and 2000, waterborne commerce on the Black
Warrior and Tombigbee Rivers, which dominate traffic on the Mobile River and
Tributaries segment, is projected to increase from 17.9 million tons to
between 21.3 and 30.2 million tons by 2000. The forecast growth in total
traffic is strenthened somewhat by projected national trends for growth in
coal. Coal accounted for 55 percent of all tons in 1986 and exerts a dcminant
influence in future traffic forecasts. Coal shipments should benefit fram
increased demand by electric utilities in the out-years of the forecast
period, but coal exports are projected to grow only modestly. Of the other
important commodities on the Black Warrior River, forest products (16 percent
of total 1986 traffic) should shcw significant growth (although perhaps not as
high as the 1984-86 rate of growth), as lumber production continues its shift
to the southeastern U.S. and wood processing and paper plants continue to
increase production.

c. Tonnages at Locks. Based on average annual percent change during 1977-
1984 period, there was an increase in toinage for all six locks on the Black
Warrior-Tabigbee. The percentage increase in tonnage per annum ranged from
9.1% (Bankhead) to 13.0 (Denopolis). lock traffic data is currently
unavailable for the period since 1984.

4. OPERATION AND MAITENANCE COSTS (Table A-7-5).
O&M costs in actual dollars increased from about $7 million dollars in 1977

to about $23 million dollars in 1986, about a 94% increase when adjusted for
inflation of about 68% during the same period. Traffic increased from about 4
million ton-miles in 1977 to about 6.0 million ton-miles in 1985, about a 50%
increase. O&M cost per ton-mile rose from 1.6 mills in 1977 to 4.1 mills in
1986 as increases in costs outpaced traffic growth. This segment ranked the
sixth lowest in cost per ton-mile of all nine segments.

5. PROGRAM qTAqT. (Tahle A-7-6).

a. Overview. This segment includes a recently completed project, one
under construction, a third authorized for construction with preconstruction
studies nearly complete, and a feasibility study.
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b. The Tennesso iqbee Waterway opened in 1985 well ahead of schedule
and 13 years after construction began in 1972 at a cost of $1,790 million.
The 234 mile project connecting the Ohio River valley with the eastern Gulf
Coast features a 9 to 12 foot channel with a 300 foot width (except 280-feet
in the divide cut), ten locks, and five dams.

c. William Bacon Oliver lock and Dam is under construction on the Black
Warrior River with a single 600 by 110 foot chamber and dam to replace the
existing 460 by 95 foot lock and its dam. The $121 milliCn project, scheduled
for completion in 1992, will eliminate the need for multiple locking for the
standard six barge tows using the system, reduce lockage time, and increase
the traffic capacity. It is 33 percent ccmplete in 1988 and will be 62
percent with funds requested for FY 1989. Work in 1988 and 1989 includes
completion of the cofferdam and river diversion contract and initiation and
continuation of lock and dam construction (about 85 percent of costs).

d. Black Warrior and Tombigbee Rivers. A study to determine the
advisability of modifying the existing project, particularly Coffeeville and
Demopolis U-ocks and Dam and the related channel, was included in a final
report copleted in 1985. Additional studies concerning navigation efficiency
of the existing waterway, navigation to Birmingham, lockage water shortage,
and environmental studies concerning the waterway south of Demopolis were
also included in the report. No improvements in navigation were reccnended.

e. The Coosa River, Montcrcmery to Gadsden (Non Fuel Taxed Waterway), was
initially authorized in 1945 to include installing 600 by 84 foot locks in
five of the seven Alabama Power Ccmpany dams and constructing a 9 by 150 foot
channel. Preconstruction studies began in 1978 on the reach between
Montgmery and Gadsden, Alabama, and they are now 92 percent ccmplete.
Ccpleted studies include the feature design memorandum, plans and
specifications, railroad relocation study general model, and filling and
emptying model for the first lock and railroad relocation and general model
studies for several other locks. An econcmic evaluation restudy is being done
in 1988 with $300,000 of the $1 million appropriated. Construction could be
initiated within a year after appropriations are received and ccmpleted in
about ten years. The plan was further modified by PL 99-662 (Section 813) to
authorize the Secretary to carry out the planning, engineering and design for
a project generally in accordance with the plans contained in the report
entitled "bntgaiery to Gadsden, Coosa River Channel, Alabama, Design
Memorandum No. 1, General Design," May 1982.

f. Coosa River, Gadsden to Rome (Non Fuel Taxed Waterway). Plans for the
extension frcm Gadsden to Rcme, Georgia, have been deferred until the
extension to Gadsden is assured.

6. IOCK CAPACITY cHARACTERISTICS (Table A-7-7).
The samrce of capacity range is National Waterways Study - A Framework for

Decision Makin - Final Report, Appendix D, National Waterways Reach
Sunuaries, Institute of Water Resources, January 1983. Capacity range values
were again reviewed by the districts in 1987 and 1988. Historical tonnages are
from lock PMS data and is also from Table A-7-4.
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TABLE A-7-1
SEE4ENT NUMBER 7

MOBILE RIVER AND TRItrARIES

PHYSICAL CHARACTERISTICS OF 1OCKS

CHAMBERS

Wk'MAY/LoC RIVER YEAR AGE AS WIDH LENGIH LIFT
NAME OR NUMBER MILE OPENED OF 1988 (FEET) (FEET) (FEET)

Black Warrior River
Jcin Hollis Bankhead 365.7 1975 13 110 600 68
Holt 347.0 1966 22 110 600 64
Wm. Bacon Oliver 338.1 1939 49 95 460 28
Wm. Bacon (u. const) 337.6 1991 - 110 600 28
Selden (Warrior) 261.7 1957 31 110 600 22

Tomnbicibee River
Demopolis 213.2 1954 34 110 600 40
Coffeeville 116.6 1960 28 110 600 34

Alabama River
Claiborne 81.2 1969 19 84 600 30
Millers Ferry 142.3 1969 19 84 600 48
Robert F. Henry 245.4 1972 16 84 600 45

Tennessee-Tmbicbee WW
Gainesville 49.1 1978 10 110 600 36
Aliceville 89.8 1979 9 110 600 27
Columbus 13.7.6 1980 8 110 600 27
Aberdeen 140.0 1985 2 110 600 27
A 154.0 1985 2 110 600 30
B 159.3 1985 2 110 600 25
C 174.0 1985 2 110 600 25
D 181.0 1985 2 110 600 30
E 189.0 1985 2 110 600 30
Bay Springs 194.9 1985 2 110 600 84

Source: Annual Report FY86 of the Secretary of the Army on Civil Works Activities,
Volume II, Appendix C: Navigation Locks and Darms Operable September 30, 1986
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FIGURE A-7-2
SEGMENT NUMBER 7

BLACK WARRIOR-TOMBIGBEE WATERWAY TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-7-3
SEGMENT NUMBER 7

BLACK WARRIOR/TOMBIGBEE WW TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000
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SEGMENT NUMBER 8
ATLANTIC INTRACASTAL WATERRAY

1. PHYSICAL CGARACTERISTICS.
a. Channels (Figure A-8-1). The Atlantic Intracoastal Waterway consists of

the 833 mile long Atlantic Intracoastal Waterway from Norfolk to the St. Johns
River, about 20 miles east of Jacksonville, Florida, and the 370 mile long
Intracoastal Waterway from Jacksonville to Miami. The AIWW includes the 62
mile long Albemarle and Chesapeake Canal Route and the 65 mile long Dismal
Swamp Route. The Dismal Swamp Canal has virtually no commercial traffic. The
main channel, 739 miles on the AIWW and 349 miles on the IW, accounts for
about 90 percent of the total length of 1,203 miles. The project depths are
12 feet in the main channel, except for 6 feet in the Dismal Swamp Canal
itself and 9 to 10 feet on the rest of the Route. The project widths are 90
feet on the AIWW main channel and 125 feet on the iWW main channel, except for
50 to 100 feet on the Dismal Swamp Canal Route and 125 to 300 in some river
and open water portions of the AIWW. Side channels and basins have 60 to 180
feet or unspecified project widths. The segment connects with four non fuel
taxed waterways and twelve harbors with about 250,000 tons or more of traffic.
One of the non fuel taxed waterways is the Okeechokee Waterway which connects
the Atlantic and Gulf sections of the Intracoastal Waterway, (see Segment 6
for a description).

b. locks (Table A-8-1). There are only three locks (two in Virginia and
one in North Carolina) on the segment. But there are 13 locks on connecting
waterways. The primary Great Bridge Lock is 600 feet long and 75 feet wide
and the other two are 300 by 52 feet. Lifts are twelve feet or less. Great
Bridge Lock is 56 years old and the other two are 47 to 48 years old.

2. PERFORMANCE CHARACTERISTICS (Table A-8-2).
Total average processing time for 1987 ranged from 23 minutes to 32 minutes.

The median value is 28 minutes and Great Bridge fell below this value and
South Mills fell above this value. The total average processing time
increases for this segment as you move down the waterway. The total peak
average processing time fran 1980-1987 ranged from 24 minutes in 1983 to 47
minutes in 1984. For the 1980-1987 time period, South Mills had the highest
total peak average processing time of 47 minutes in 1984 for this waterway.
Total delay for 1987 ranged fran 0 to 60 hours. The median value is 1 hour
but Great Bridge had by far the highest delay (60 hours) when compared to the
other two locks. Total delay decreases considerably as you move down the
river. The peak total delay ranged from 3 hours (1985) to 155 hours (1985).
For the 1980-1987 time period, Great Bridge had their highest peak total delay
of 155 hours in 1985. Lock utilization for 1987 ranged from 19% to 28%. The
median lock utilization value is 25% and South Mills fell below this value and
Deep Creek fell above this value. The peak utilization rate for 1980-1987
ranged from 30% (1986) to 68% (1986). All the three locks had the highest
pi__k itilization r ates in 1986. From 1980 to 1987. the highest peak
utilization rate occurred at South Mill in 1986 (68%). All the locks had no
downtime hours for this waterway in 1987. The total peak downtime hours from
1980 through 1987 ranged from 0 hours to 12 hours (1983). Out of the three
locks in this waterway, Great Bridge was the only lock that reported any
downtime (12 hours in 1983), for the 1980-1987 time period. The total number

A-8-1



of stall events in 1987 was zero for all the locks in this segment. The total
peak number of stall events for the 1980-1987 time period ranged from 0 to 4
hours (1983). Great &ridge was the only lock to have stall events JIn this

waterway fran 1980 through 1987 (4 hours in 1983).

3. Ctt W!DITY TRAFFIC (Tables A-2, A-8-3A,-4); (Figure A-8-2,-3).
a. Historical. Traffic on the Atlantic Intracoastal Waterway between

Norfolk, Virginia, and the St. John's River at Jacksonville, Florida, has
fluctuated widely between about 3 and 5 million tons per year between 1965 and
1986. Tonnage peaked in 1978 and 1979 at just over 5 million tons each year
before declining to 3.1 million by 1982. Capuerce rebounded somewhat in 1983,
declined to 3.1 million 1985, then recovered to nearly 4.4 million tons in
1986. The dominant commodity groups include agricultural chemicals and
non-metallic minerals and products, with smaller amounts of petroleum products
and industrial chemicals. Agricultural chemicals tonnage, predominantly
phosphate rock movements from Aurora, NC, to Morehead City, North Carolina,
grew fram just over 40 thousand tons in 1975 to a record 1.3 million tons in
1986. Likewise, non metallic minerals, grew significantly fram 174 thousand
tons in 1975 to a peak of nearly 1.3 million tons also in 1986. Even as these
two comdity groups were growing in tonnage, the overall decline in petroleum
products traffic kept the total volume for the waterway in a general decline
as well, despite an occasional upturn from one year to the next. Petroleum
products traffic, which accounted for 1.7 million tons in 1978 (38 percent of
the total that year) declined to a decade low of less than 500 thousand tons
by 1982. Tonnage rebounded somewhat since 1983 and reached 742 thousand tons
in 1986. Other important commodity groups include forest p, roducts (lumber,
wood products and pulp) and metallic products and scrap; however, forest
products traffic has continued a steady decline from levels of the late 1970s.

b. Forecast. Waterborne commerce on the AIWW is projected to increase
between 1986 and 2000 from 4.4 million tons to between 5.7 and 8.1 million
tons, primarily due to projected increases in movements of phosphate rock
(agricultural chemicals) along the North Carolina stretch of the waterway for
export from Morehead City. Agricultural chemicals and non-metallic minerals
and products together dominate traffic and account for 60 percent of total
1986 tonnage. Non-metallic minerals and products (29 percent) and petroleum
products (17 percent) are both projected to grow just slightly. Projections on
the AI-WW have been adjusted to take into account historically wide
fluctuations in traffic from year to year.

c. Tonnages at Locks. Great Bridge Lock averaged about 0.9 million tons
per year between 1982 and 1984. Traffic subsequently began to decline and
fell to 0.5 million in 1987. Data for other locks are not currently
available.

4. OPERATION AND MAINTENANCE COSIS (Table A-8-5).
C)LM r,vCr+r actv% =rw-nv1 1=4 __1 f -%A L *?OAuu $86-i"luii 1977 t

about $16 million in 1986, or about 7% increase in real terms when adjusted
for about 68% inflation during the same period. On the other hand, traffic
decreased from 630 million ton-miles in 1977 to 367 million ton-miles in 1986.
Consequently, the O&M cost per ton-mile increased from 13 mills per ton-mile
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in 1987 to 43 mills per ton-mile in 1986. This segment had the highest cost
per ton-mile of all nine segments, mainly due to its low traffic level.

5. PROGRAM STATUS (Table A-8-6).
a. AIW Norfolk to St. Johns River. A $250,000 project revieq stdy of

the Dismal Swamp Canal on the Dismal Swamp Canal route was conducted in 1985
and 1986 to consider changes in operation or disposition of the project due to
marginal usage. The study recomnded continued operation of the canal by the
Corps if there is local cooperation or to attempt to transfer responsibility
to the Department of interior's Fish and Wildlife Service if there isn't local
cooperation. The study report has been revieed in Washington and has been
reviewed at the local level. Local cooperation would involve construction of
a visitor center by a local sponsor.

b. Intracoastal Waterway, Jacksonville to Miami. The study of deepening
the Fort Pierce to Miami reach from ten to twelve foot, as on the Jacksonville
to Fort Pierce reach, has been deferred indefinitely.

c. Cross Florida BarKe Cana (Non Fuel Taxed Waterway). The Water
Resources Development Act of 1986 established the Cross Florida National
Conservation Area, generally consisting of canal project lands, and a
Conservation Management Area, generally consisting of incomplete canal project
lands. The Act also deauthorized for navigation inccnplete portions of the
$325 million project and mandated continued operation and maintenance of
canleted portions for navigation and other purposes. It further provided for
the Army to acquire canal lands from the state for $32 million. The Army, the
State, the U.S. Forest Service, and the U.S. Fish and Wildlife Service will
coordinate and implement plans prepared by the Army and the State for
environmental conservation and management of the Area. A $75,000 project
review study scheduled for 1988, consisting of an evaluation of the existing
project to determine the benefit-cost ratio of operating the canal in its
present state of completion, has been deleted by Congress.

d. Savannah River Below Auausta (Non Fuel Taxed Waterway). The project,
currently in caretaker status, is a 182 mile long, 9 by 90 foot channel from
Savannah to Augusta, Georgia, with a 360 by 56 foot lock near Augusta. While
in caretaker status, the operation of the lock and recreation area is being
performed under contract by the City of Augusta. The gates of dams above
Augusta are still being operated by the Corps of Engineers to provide for
reregulated flows on the Savannah River. Following completion in 1987 of a
reconnaissance study of the Savannah River Basin, a study of navigational
izprovements on the lower 40 miles of the Savannah River below Augusta is
being initiated in FY 1988 and completed in 1989. The local sponsor will share
50 percent of the cost of the feasibility phase. The federal study cost is
$0.7 million out of a total cost of $0.9 million. A separate $50,000 project
review study is also scheduled in 1988 to consider disposition of the project,paxrtLi.c-al.Y ly 1 %-CX C- I LU m.ox .

e. New Jersey Intracoastal Waterway (Non Fuel Taxed Waterway). The 117
mile long project extends from the Atlantic Ocean at Manasquan Inlet, about 26
miles south of Sandy Hook, NJ, to Delaware Bay about 3 miles above Cape May.
The 1945 authorization provided for a ch- rel 12 feet deep and 100 feet wide,
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but the $7.4 million (1954 estimate) project is only about 25 percent coplete
and is generally maintained at a 6 foot depth. Annual traffic is about
120,000 tons of cargo and 1.2 million passengers, predominantly in Cape May
County. A reconnaissance study of improvements, including possible ccpletion
of the project, was completed in 1988, but it did not re-naend deepening the
waterway. The subsequent feasibility study of depths up to 15 in the Cape May
area for fishing vessels is being initiated in FY 1988 and completed in 1989.
The total cost is $0.5 million with the feasibility phase being cost shared on
a 50-50 percent basis by Federal and non-Federal interests. This study
incorporates to planning, engineering, and design (PED) authorized in 1986 for
the 20 to 25 foot deep Cold Spring Inlet (Cape Map Inlet) and the waterway.
Both the feasibility study and the authorized PED are related to the approved
navigation /shore protection plan that would modify Cape May Inlet for $17.3
million. For this project the Phase I General Design Memorandum (GEM) was
authorized in 1976, conducted in 1977-80, approved by the Chief of Engineers
in 1981, and followed by completion of the Phase II GEM in 1983.

f. Intraccastal Waterway, Miami to Key West (Non Fuel Taxed Waterway). The
project was constructed in 1939, about 63 miles to Cross Bank in the Florida
Keys, and the remaining portion to Key West was deauthorized by the Water
Resources Development Act of 1986, PL 99-662.

6. LOCK CAPACITY CARACTERISTICS (Table A-8-7).
The source of capacity range is National Waterways Study - A Framework for

Decision MaiW - Final Report, Appendix D, National Waterways Reach
Summaries, Institute of Water Resources, January 1983. Capacity range values
were again reviewed by the districts in 1987 and 1988. Historical tonnages
are from lock PM data and is also from Table A-8-4.
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TABLE A-8-1
SEGMENT NUMBER 8

ATLANTIC INTRACOASTAL HATERAY

PHYSICAL COfARACTERISTICS OF LOKS

CHMBERS

WATEAY/IWC RIVER YEAR AGE AS WIUI4 LGTH LIFT
NAME OR N I MILE OPEED OF 1988 (FEET) (FEEr) (F )

& ___reandCesapeake Canal Route
Great Bridge 11.5 1932 56 75 600 3

Dismal $imy Canal Route
South N1ills 33.2 1941 47 52 300 12

Deep Creek 10.6 1940 48 52 300 12

Source: Arnual Reprt FY86 of the Secretary of tn Civil Works
_iv , Volume II, Appendix C: Navigation locks and Dams operable

Septenber 30, 1986.
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FIGURE A-8-2
SEGMENT NUMBER 8

ATLANTIC INTRACOASTAL WW TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-8--3
SEGMENT NUMBER 8

ATLANTIC INTRACOASTAL WW TRAFFIC
HISTORIC 1965-1986 AND PROJECTED 1990, 1995 AND 2000

9

8 / HISTORIC

/ - HIGH

77- LOW
6 //

3-

2

1

65 70 75 80 85 90 95 2000
YEAR

GRAPHED BY RI. HISTORIC DATA-WCSC. PROJECTIONS-VARIOUS.

A-8'- ]



0~0-"

* 0 0 0
C2 ix

caN

LOG00

0

-0

0-

UU
-Jj

u-,

U . 00 F 000

3i =

S U

M (D

N < LA 0
.

0*-N
U * o
-. I 84~ z ~ NO e ~0

0, ISI-. w

0 -j
< J r U

* t m ~ * L O I*~ le-0 0 ' 0
* O 1-

U(4

P * 0.

- I-

*-C 0- O

CL >oN 0

CO _u

'D 0. - *D *

LLu
F. 0

-. Lu 0



0:0

in 00

co 0 'r

00

-' 0 0

0

0n

Ni 0 , 0 *

L0 0co
01 0N * 0.0

M* m

LU 0.-

cc 0

0. 0 .

Unae - I=- f- U. M M u (a

- 0 01 0 *n c) 4o t

wo -. -c 
0z-

8A 0 N 0i

U I.- z M * 0. ' 0- 0

_5 - ~ z * 8
co ,x 0**

* 0

w .* *o .*08

(A (- 04)V

0 >.

In L.J (a

41 0 C

0 1 w (0 on' 0c
0n 0

* 0.

0.- >
>~ 0

0 0n
0-

0N 0

ui8
V)- I

A-8 -1



0 03, 0

LL.

S 1(

N0 N '0

A. C.

"~ 0 0 0 0 00
4)UL

LI)

41 N 0
- 4*rU-

I.-

L.. - jK

0 9-Aw I... *
3c,

LL. 44 . * *

'Cw , z w

(A U

W1 W e Q c ) ) u W
U) -'- I

-KC
* - U *-

4-O * >:C 'C J C J '

OW m
-C IC C..

u8 (A to

to z (A*~ >. (n C.

-L C U. u )

A-8- 14



LL.

4J4.w

-~ 4-

0

4011

41 U. u 4

U, 00

* ~ 0

co 41441

44C * *-

00*o

4-L L. *

LU 0

-j 1. 9- *-
UU

Il nz1 9-.

0 MLm 0

I-w L44o

041 C

go V *-,. 0

41 0. 4

r* to 4..

4) 0 4 t f

L. -j C 4
4) * LU- 0

5 L)

u U z d

A-8- 15



z a

8 a 0.0

LLI-

I. 4K * z

Z ~ Z

w~ I.-

z*
00.

> 00

u

- U

us * U 'A * '

9- :z v - . 4

f0 co9 L
co 3c C* (4 *

*U -I"M

A-8-1



SEGMENT NUMBER 9
COLUMBIA-SNAKE-WIIIAMETTE

1. PHYSICAL aARACTERISTICS.
a. Channels (Figure A-9-1). This segment includes the Columbia River from

Bonneville lock and Dam (mile 146) to the tri-cities of Pasco, Kennewick, and
Richland, Washington, (mile 338) just above its junction with the Snake River;
the Snake River from its junction with the Columbia River to Johnson's Bar
Landing, Idaho (mile 233), 92 miles above Lewiston, Idaho (mile 141); and the
Willamette River above Portl-rd (mile 14) to Corvallis (mile 132) and the
Yamhill River to mile 7. The Columbia River channel fron Bonneville Lock and
Dam to The Dalles Lock and Dam (mile 190) is actually excluded from those
waterways whose traffic is subject to the inland waterways fuel tax, but is
included here because the lock and channel are the gateway to the
Columbia-Snake waterway system. The Columbia River project depth is 27 feet
from Bonneville Lock and Dam to The Dalles Lock and Dam, 15 feet from The
Dalles Lock and Dam to McNary Lock and Dam, and 14 feet to Richland. The
project width on the Columbia River is 300 feet below The Dalles Lock and Dam
and 250 feet above it. The project dimensions on the Snake river are 14 feet
deep and 250 feet wide to Lewiston and two feet deep thereafter. The
Willamette River is maintained at 8 feet to the locks at Oregon City (mile 26)
and widths of 200 feet to Cedar Island (mile 23) and 150 feet from there to
Oregon City. Above Oregon City the maintained dimensions are 3.5 feet or less
deep and 150 feet wide.

b. Locks (Table A-9-1). On the Columbia-Snake waterway the locks are 675
feet long and 86 feet wide, except for Bonneville Lock and Dam, which is only
500 feet long and 76 feet wide. The eight locks and dam have lifts of 59 to
105 feet for an average lift of 90 feet and a total lift of 723 feet. The
locks are 13 to 35 years old, except for the 50 year old Bonneville Lock and
Dam. On the Willamette River there are 5 locks at Willamette Falls (Oregon
City) that are 115 years old, but no dam. They are 210 feet long and 40 feet
wide, and have a total lift of 60 feet with individual lifts being 10 to 20
feet.

2. PERFORMANCE CHARAC TERISICS (Table A-9-2).
The total average processing time for 1987 ranged from 34 minutes to 1174

minutes or 19.57 hours. Four locks (McNary, Ice Harbor, Little Goose and
Lower Granite) had an average processing below the system's median value of
49.5 minutes. The total peak average processing time for 1980-1987, ranged
from 73 minutes (1980) at McNary lock to 1174 minutes (1984) at Locks 1-4.
The highest total peak average processing time for the 1980-1987 time period
occurred at Locks 1-4 in 1987 (1174 minutes or 19.57 hours). Total delay for
1987, ranged from 59 hours to 8,721 hours. The median total delay value was
225 hours, and two locks (Bonneville and Locks 1-4) had delays far in excess
of the median. Total delay time increases as you move downstream from Lower
Granit e to Bnn .i 1 n 1- l, e peak total delay fro. 1980-1987 varied anywhere
from 854 hours (1981) at Lower Granite to 8,724 hours (1987) at Locks 1-4.
The highest peak total delay for 1980-1987 occurred in 1987 at Locks 1-4
(8,721 hours). Lock utilization for 1987 ranged from 8% to 53%. The median
utilization value is 15%. Most of the locks were concentrated around this
rate except for Bonneville and Locks 1-4, which had rates in excess of other
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locks. The peak utilization for the 1980-1987 time period ranged from 21%
(1986) at Iwer Granite to 69% (1981) at Bonneville. The highest peak
utilization rate for 1980-1987 occurred in 1981 at Bonneville (69%). The
total downtime in 1987, ranged from 0 hours to 374 hours. Locks McNary
through Lower Granite experienced by far more downtime then the rest of the
lock in this waterway. The median total downtime value is 131 hours and five
locks on the lower part of the river (Bonneville, The Dalles, John Day, Locks
1-4 and Guard Lock) had downtime hours considerably below this median value.
The total peak downtime in this waterway ranged from 0 hours at Locks 1-4 to
1841 hours (1980) at Ice Harbor. The highest total peak downtime for the
1980-1987 time period occurred in 1980 at Ice Harbor (1841 hours). Total
stall events for 1987, ranged fran 0 to 47. The median stall event value is
7, and four locks (Bonneville, The Dalles, McNary and Ice Harbor)had stall
events above the median value. The total peak stall events for the 1980-1987
time period ranged from 0 at Locks 1-4 to 127 (1981) at Ice Harbor. The
highest total peak stall events for 1980-1987 occurred in 1981 at Ice Harbor
(127 stall events).

3. CXCVDITY TRAFFIC (Tables A-2, A-9-3A,-4); (Figure A-9-2,-3).
a. Historical. Waterborne commerce on the Columbia River and its

tributaries, the Snake and Willamette rivers, has varied considerably over the
past decade depending upon economic conditions of the Pacific Northwest and
the demand for U.S. grain and forest product exports. Internal traffic
(non-oceangoing) on the Columbia averaged about 16.7 million tons annually
between 1975 and 1986. Total traffic peaked in 1987 and 1980 at just over 19
million tons, while 1985 saw a low for the period of 14 million tons, due
primarily to the decline of grain exports. Tonnage on the Snake River
averaged 3.2 million annually between 1975 and 1979, and 5.4 million annually
between 1980 and 1986. Forest products (lu&ber, wood products and pulp) is
the dcmnant cmmodity group on the Columbia, followed by grains and oilseeds.
On the Snake, grain is dcminant (primarily wheat). Forest products movements
on the Columbia peaked in 1976 at 10.6 million tons, then generally declined
to a low of 5.8 million tons in 1982. Traffic has rebounded somewhat since
then with improved econcmic conditions for the industry, and movements in 1986
amounted to about 6.6 million tons. Grain and oilseed movements on the
Columbia generally grew after 1975 to a peak of 6.2 million tons in 1982 as
exports to Pacific Rim markets increased in importance. The strength of the
dollar and competition frcm Canada and Australia ultimately eroded this export
market and grain traffic declined to 3.7 million tons in 1985 and 3.8 million
tons in 1986. Other important ccnmodity groups moving on the Columbia include
ptroleum products (2.0 million tons in 1986) and non-metallic minerals and
products (1.2 million tons in 1986). Traffic at individual locks on the
Columbia-Snake system increased from 4 to 22 percent between 1986 and 1987,
indicating a rebound in total waterway traffic. The falling value of the
dollar and grain export subsidies led to increased traffic in farm and forest
products in 1987.

b. Forecast. Between 1986 and 2000, waterborne traffic on the Columbia
River is projected to grow, from 14.1 million tons to between 17.3 and 24.7
million tons. The decline on the Columbia is due principally to a significant
drop in traffic from 1984 to 1985 with the collapse of the grain export
market, and the longer term decline in forest products movements from levels
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of the 1970s. Both of these declines are being reversed as the decline in the
value of the dollar and agricultural policies make U.S. forest and farm
products more ccxnpetitive overseas. Accounting for 47 percent of all traffic
in 1986, forest products make up the major comnodity group influencing future
traffic forecasts. Recovery of the lumber industry from the low traffic
levels of 1986 is expected; however, forest products tonnage on the Columbia
River are expected to fluctuate with swings in the construction industry cycle
and the value of the dollar. The projection envelope has been adjusted to
account for these wide fluctuations. Of the other imp)ortant cammxities moved
on the Columbia River, farm products (27 percent of traffic) are also
projected to increase, while petroleum products (14 percent) are projected to
exhibit very slow growth.

c. TonnaMes at Locks. Based on average annual percent change during
1977-1987 period, tonnage increase ranged fram 4.8% (The Dalles) to 2.6%
(Little Goose). One lock showed a decline in average annual percentage change
of -0.9% (Lower Granite). Actual tonnage changes to 1987 since 1977 range
fra -0.2 million tons (Lader Granite) to 3.1 million tons (Bonneville). The
range of total tonnage for 1987 is from 2.2 million tons (LO~er Granite) to
8.9 million tons (Bonreville).

4. OPERATION AND MA]h'ENANCE COSTS (Table A-9-5).
O&M costs in actual dollars increased from about $3.1 million in 1977 to

about $9 million in 1986 or about a 79% increase in real terms when adjusted
for 68% inflation during the same period. Traffic decreased from about 1.4
billion ton-miles in 1977 to about 1.2 billion ton-miles in 1986. The O&M
cost per ton-mile in 1977 was 2.2 mills and increased to 7.3 mills per ton-
mile in 1986. This segment has the second highest cost per ton-mile of all
nine segments.

5. PROGRAM STATUS. (Table A-9-6)
a. Bonneville Naviqation Lock. The 675 foot long ard 86 foot wide single

chamber will replace the 49 year old, 500 by 76 foot lock that has caused
increasing delays (up to 8 hours) and congestion. The problem occurs because
only two barges, out of an optimum tow configuration of five barges on the
river system, can be locked through at one time. The $212 million project
will be ccnpleted in 1992. It is 32 percent camplete in 1988 ad will be 52
percent carplete with funds requested for FY 1989. Work in 1988 and 1989
includes continuation of lock excavation and construction (about 75 percent of
costs), channels and canals, and relocations and initiation and continuation
of roads and bridges and buildings, grounds, and utilities.

b. Middle Columbia River (Non Fuel Taxed Waterway). The $21.4 million
Columbia River and Tributaries basin multiple-purpose study will lead to an
operational and management plan that will optimize the multiple use aspects of
the system in its five state area. The $2.3 million detailed feasibility
study on development of navigation in the middle Columbia Rivez cduve RiUiL1CUX
to Wenatchee continues in 1988 and will be completed with an interim report in
1989. The $110.0 million preliminary cost estimate is for construction for
Mississippi River type barges of lifts at the existing Priest Rapids, Wanapum,
and Rock Island Dams and dredging a nine foot channel in the Hanford reach
below Priest Rapids Dam. The current estimate is about $80 million less
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expensive than the initial plan because Columbia River type barges would notbe used. That results in reducing the 14 foot channel, smaller lifts, andless impact on spawning areas for anadromous fish.

6. IlCK CAPACITY CARACrERISTICS (Table A-9-7).
The sciuroe of capacity range is National Waterways Study - A Framework forDecisioM m , Fipjt Appenlix D, National Waterways Reach

Summaries, Institute of Water Resources, January 1983. Capacity range valueswere agai Lviewed by the distxicts in 1987 and 1988. Historical tonnages
are from lcdk P data and is also from Table A-9-4.
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TABLE A-9-1
SEGMENT NUMBER 9

COLUMBIA-SNAKE-WILLAMEIE

PHYSICAL CaARACTERISTICS OF LOCYS

CHAMBERS

wTERWAY/LOCK RIVER YEAR AGE AS WIDIH IENGI i T
NAME OR NUMBER MILE OPENED OF 1988 (FEET) (FEET) (FEET)

Columbia-Snake Waterway
Bonneville 146.0 1938 50 76 500 65
Bonneville (u const) 146.0 1992 - 86 675 65
The Dalles 190.0 1957 31 86 675 88
John Day 215.0 1968 20 86 675 110
McNary 282.0 1953 35 86 675 75
Ice Harbor 9.7 1962 26 86 675 100
Lower Monumental 41.6 1969 19 86 675 98
Little Goose 70.3 1970 18 86 675 98
Lower Granite 107.5 1975 13 86 675 100

Willamette River
Willamrette Falls Locks
Lock No. 1 26.0 1873 115 40 210 20
Lock No. 2 26.0 1873 115 40 210 10
Lock No. 3 26.0 1873 115 40 210 10
Lock No. 4 26.0 1873 115 40 210 10
Guard Lock 26.4 1873 115 40 210 10

Source: Annual Report FY86 of the Secretary of the Army on Civil Works
Activities, Volume II, Appendix C: Navigation Locks and Dams Operable
September 30, 1986.
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FIGURE A-9-2
SEGMENT NUMBER 9

COLUMBIA RIVER TRAFFIC
TOTAL AND MAJOR COMMODITIES: 1975-1986
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FIGURE A-9-3

SEGMENT NUMBER 9

COLUMBIA RIVER TRAFFIC
HISTORIC 1967-1986 AND PROJECTED !990, 1995 AND 2000
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THE 1988 INLAND WATERWAY REVIEW

APPENDIX B

DESCRIPTION OF ENVIRONMENTAL PLANNING

FOR

INLAND WATERWAYS



OPERATION AND MANAGEMENT

I. GENERAL OVERVIEW

This appendix briefly describes selected environmental planning considerations for the
effective management of the Nation's inland waterway system. The purpose of tis appendix
is to provide a very basic description of the key legislative and policy requirements, planning
principles, and potential environmental issues. This appendix is not to be construed as a NEPA
document. Furthermore, the Corps is in tie process of developing a regional navigation
investment planning system which will address: (1) the physical condition of the inland
waterway infrastructure; (2) problems und needs; and, (3) strategies for prioritizing capital
investment decisions.

From a national perspective, the Corps manages a complex system of locks and dins which
provides an economic and energy saving mode for transporting bulk commodities ovcr long
distances. Commercial and recreational traffic is integrated with other multipurpose objectives,
such as, flood control, water supply, hydropower generation, and resource management.

Since the passage of the National Environmental Policy Act in 1969, the Corps has
responded with a heightened concern for ecological and environmental values as part of its
decision-making process. Within the national inland waterway system are several key
component systems where environmental work is carefully managed on a project-by-project
basis to account for unique and critical resources. Enviromnental work is thereby decentralized
and responsibility falls on district engineers to comply with legal requirements and to coordinate
with other Federal and State agencies. This decentralization helps ensure that environmental
standards set down by Congress are met.

II. LEGISLATIVE OVERVIEW

The U.S. Army Corps of Engineers has incorporated vigorous environmental analysis into
its planning, design, construction, and operation and maintenance of projects in accordance with
Council on Environmental Quality (CEQ) regulations for implementing the Procedural Provisions
of the National Environmental Policy Act (NEPA) (40 CFR 1500-1508). Thus, environmental
impacts are considered at every step in the life of a project, from planning, engineering and
design, through construction, and operation and maintenance. The Corps works closely and in
conjunction with State agencies to provide the public with information and to secure ample
public input. The Corps also implements the Sections 404 and 10 permit progran to regulate
the discharge and movement of dredged and fill material, and structures in
navigable waters, respectively.

The following list of statutes and executive orders and memoranda illustrates the
importance of environunental management for Corps studies and projects. Regardless of whether
or not the Corps produces a NEPA document, the following enviromnental regulations must be
followed.

S I TA U I, 

Archeological and Historic Preservation Act
Archeological Resources Protection Act
Clean Air Act
Clean Water Act
Coastal Zone Management Act
Endangered Species Act
Estuary Protection ActI B -



Federal Water Project Recreation Act
Fish and Wildlife Coordination Act
Land and Water Conservation Fund Act
Marine Protection, Research and Sanctuaries Act
National Historc Preservation Act
National Environmental Policy Act
Rivers and Harbors Act
Watershed Protection and Flood Prevention Act
Wild and Scenic Rivers Act
Farmland Policy Protection Act

EXECUTIVE ORDERS AND MEMORAaNDA

Floodplain Management (E.O. 11988)
Protection of Wetlands (E.O. 11990)
Analysis of Prime and Unique Farmlands
Protection and Enhancement of the Cultural Environment

A. COMPLIANCE WITH NEPA

In conjunction with CEQ regulations (40 CFR 1500-1508), the Corps has established
internal procedures for implementing NEPA which are applicable to all HQUSACE elements
and all Field Operating Agencies (FOAs). These regulations are intended to supplement CEQ
rules in accordance with 40 CFR 1507.3. At nie core of the process is the district commander
who is responsible for compliance with NEPA regulations and preparing agency documents on
environmental matters. Actions normally requiring an Environmental Impact Statement (EIS)
are as follows:

1. Feasibility reports for authorization and construction of major projects;

2. Proposed changes in projects which increase size substantially or add additional
purposes; and,

3. Proposed major changes in the operation and/or maintenance of completed projects.

If studies and coordination indicate that the above cited actions are not likely to have a
significant impact on the quality of the human environment, district commanders may use an
Environmental Assessment (EA) in place of the EIS. The EA is designed to describe the
potential environmental effects of a proposed action and its alternatives leading to the EIS
or a Finding of No Significant Impact (FONSI). A FONSI is prepared for actions in which an
EIS is not anticipated.

Other actions which normally require an EA and not necessarily an EIS are as follows:

I. Regulatory Actions. The Corps Sections 10 and 404 permits.

2. Authorized Projects and Projects Under Construction. This would include changes in
such projects using the Secretary's discretionary authority.

3. Continuing Authorities Program. In the case of navigation, this would include projects
recommended for approval of the Chief of Engineers under such authorities as: Section 107,
Small Navigation Project Authority; Project Authority; and Section 111, Mitigation of Shore
Danages Attributable to Navigation Projects.
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4. Construction and Operations and Maintenance. This would involve changes in
environmental impacts not considered in original EIS or EA. For example, changes in the
location of bank protection works.

5. Real Estate Management and Disposal Actions. The disposal of real property for
public port and industrial purposes would be included in this category.

Some actions are categorically excluded from NEPA documentation. By regulation and
definition, these actions typically do not have individual or cumulative significant effects on the
quality of the human environment. However, extraordinary circum-stances may require the
preparation of an EA or EIS.

Selected examples of categorical exclusions are:

1. Actions at completed projects which carry out the authorized project purpose. For
example, routine operation and maintenance and rehabilitation. Also included in this category
would be replacement of existing structures and facilities such as levees and roads and work on
erosion control.

2. Minor maintenance dredging. This would involve the use of existing disposal sites.

3. All operation and maintenance grants, general plans, agreements, etc. These grants or
agreements are necessary to carry out measures proposed in project authorization documents,
project memoranda, and master plans, or reflected in project NEPA documents.

Additional examples of categorical exclusions are described in 33 CFR 230.9.

B. ENVIRONMENTAL PLANNING PRINCIPLES

The Corps of Engineers planning principles incorporate the Federal objective as stated in the
Economic and Environmental Principles and Guidelines for Water and Related Land Resources
(P&G). This objective mandates that project planning must contribute to national economic
development consistent with and pursuant to national environmental statutes. The Corps, in
canying out its civil works program, has advanced a vigorous effort to comply with
environmental statutes and promote the protection and enhancement of the quality of the
environment. This effort is evident in all aspects of planning and implementation, underlining a
strong commiamert te a rigorous environmental protection program.

Environmental concerns may evoke difficult and complex political, social, and economic
issues that must be addressed during project planning. Typically, the Corps addresses
en.viro..thetal conc-rns in an upen atnosphere seeking public involheraent in the early stages of
plaming studies. This open planning process assures that project managers strive to balance
environmental, economic, and engineering needs.

During the reconnaissance phase, a preliminaiy identification of significant resources and
possible envirounental problems is accomphshed. During tle feaUbibiiity phase, a detailed
NEPA document is prepaied assessing the environmental effects of alternatives, including
measures to avoid or minimize effects. Duting coordination with other Federal agencies such as
the U.S. Environmental Protection Agency (EPA), the U.S. Fish and Wildlife Service (USFWS),
the National Marine Fisheries Service (NMFS) and the appropriate State natural tesource
agencies, the Corps documents specific enhancement and mitigation plans, if required.

During the engineering and design phase, environmental factors are reviewed for

appropriateness, and any design changes are examined for environnital sensitivity. NEPA and
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Corps regulations require that significant environmental effects not identified during feasibility
planning are addressed during Preconstruction Engineering and Design (PED) and development
of Plans and Specifications (P&S).

At each step in the process, environmental assessments and environmental impact
statements are reviewed, and, if required, revised or supplemented. During construction,
significant efforts are made to minimize effects by ensuring that environmental concerns are
properly handled. Once a project is completed, the operation and maintenance plans also may
require following specific environmental guidelines to achieve a balance between project
multipurpose uses including environmental quality. Followup environmental reviews are
conducted.

III. NAVIGATION

For Corps elements having significant navigation mission, extensive efforts are made to
ensure effective coordination among Corps offices, other districts and divisions, the public, and
State and Federal agencies. Brochures and public information meetings are routinely held, and
numerous professional meetings and conferences serve as information dissemination mechanisms
for Corps staff. It is conunon practice for Corps divisions to establish information exchange
vehicles such as meetings, computer mail systems, and newsletters, to supplement the more
national perspective oriented information disseminated by headquarters staff.

The successful execution of a complex coordination program can be illustrated by looking at
the Upper Mississippi River System (UMRS) which falls under the jurisdiction of the North
Central and Lower Mississippi Valley Divisions, and their three Districts (NCR, NCS, and
LMS). Current UMRS activities include: (1) the Environmental Management Program; (2)
major maintenance; (3) the second lock at Lock and Dam 26; (4) ramp-up for proposed FY 90
navigation planning studies; (5) preparation of an EIS on the cumulative effects of selected
major rehabilitation measures; and, (6) the establishment of a Navigation System Support Center
(NSSC) at the Rock Island District. The various Corps elements routinely exchange information
on these navigation related activities. Commanders conferences have been held, reports and
other documents are exchanged for information and comment, and under the auspices of the
NSSC, a navigation newsletter will be published. Furthermore, a number of teclmical
committees, work groups, and task forces have been established comprised of Corps, U.S. Fish
and Wildlife Service, State, and private organization staff members to coordinate a variety of
enviromnental matters.

The Ohio River Division has a similar coordination network established, albeit the projects,
players, and issues are somewhat different. The successful execution of navigation related work
by ORD and its technical support centers is one model for other inland waterway components.
Overall, environmental matters related to navigation are well coordinated and efforts such as tie
various task forces established thiough Planning Division, Directorate of Civil Works, Office of
the Chief of Engineers, have helped improve coordination and information exchange
even further. Furthermore, the Environmental Newsletter issued by the Office of Environmental
Policy has proven to be an effective tool for disseminating information rek ted to navigation and
the environment.

A. CONSTRUCTION

The construction of projects (i.e., levees, dikes, boat dock facilities, locks and (lams) may
affect water quality and aquatic and terrestrial habitats. According to Corps and EPA studies,
construction may cause increased sedimentation and loss or elimination of habitat. Effects are
defined by the size and duration of construction schedules as well as site conditions and
environmental features. For example, sediment contamination may result from pesticides and
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fertilizers used at the site. Fuels and solvents, as well as metals and other chemicals, may leak.
However, for most construction projects, the use of ible contaminants is well regulated to
avoid problems. In addition, erosion caused by t rural characturistics as well as tie
earthmoving operations of a construction project, . impact water quality and habitats.
Typically, contractors will take steps to avoid si&. Aicant erosion problems and many projects
require habitat replacement or restoration work.

Studies have shown that downstream impacts, caused by the reductions in the concentration
of dissolved oxygen in the water and increases in turbidity, are relatively short-term and the
aquatic habitat can recover.

B. OPERATION OF LOCKS AND DAMS

When waters are impounded, as in the case of locks and dams, the reduction in turbulence
and velocity of water may cause an increase in sedimentation. Dam operations can also
contribute to a seasonal decrease in dissolved oxygen values within the pool above the lock and
dam. This is primarily due to the greater depth area/volume ratio which cause decreases in
reaeration. The increased volume of water, accompanied by lower velocities and less turbidity,
promote the growth of planktonic algae. Corps studies have cited the positive effects of
aeration from the release of waters from the impoundment to the downstream portion of the
river. However, such studies also point out that the increases in nitrogen from reaeration and in
turbidity can reduce the value from gate operation.

With regard to lock operations, Cor studies have found no significant impact on the
physical parameters downstream and . the related aquatic biota. There are minor impacts
from hydraulic effects in the proximity of a lock. These effects cause some suspended
materials to settle out of the water column, but the effects to aquatic biota are considered
insignificant.

Lock and dam operation may affect water temperature and flows. Impoundments can also
create new open water wetlands and backwater habitats. They also favor the growth of
planktonic algae which in turn may cause an increase in the fish population. The reduced flow
velocity usually results in changes it? the types of aquatic organisms, from those requiring
strong currents and high dissolved oxygen concentrations, to those adapted to or that are
tolerant to slow moving warmer water and lower dissolved oxygen regimes.

It is evident from many studies that lock and dam operations may have impacts on water
quality and aquatic habitats. Many of these impacts are positive, such as increased dissolved
oxygen levels and migration channels for movement of species between pools. Correspondingly,
Corps studies have identified various structural and nonstructural methods for preventing some
of the negative impacts and minimizing those that cannot be averted.

C. NAVIGATION TRAFFIC

Commercial and recreational traffic may cause direct and indirect environmental effects.
Navigation projects, which include the construction of locks, dams, ports, river training
improvements (such as levees and dikes) as well as barge fleeting and loading facilities, may
involve environmental issues of public concern. Consequently, the development of the
waterways, including the operation and main~enwi.e of the navigation structures and dredging
oa the waterways, must continue to be managed proactively to avoid or minimize effects which
may stress ecological sysiems.

Recent workshops conducted by the Waterways Experiment Station have set out to organize
and assess the Corps understanding of the impacts of commercial navigation traffic on the
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environment. WES staff contend "that incremental increases in commercial navigation traffic
are unlikely to cause negative effects to significant biotic resources in large waterways." This
contention will continue to be evaluated through additional studies and conferences prior to any
final conclusions. Impacts will vary depending on the direction the vessel is heading, its speed,
draft, and other operating characteristics, as well as conditions of the waterway, depending on
the season of the year and the nature of its aquatic habitats.

The movement of boats and tows can have an impact on water quality as well as terrestrial
resources and aquatic habitats. One such impact is the resuspension of sediments which affects
water quality, increases turbidity, and thereby affects aquatic habitats. Corps studies have
shown that impacts depend on such variables as vessel size, speed, depth of the channel, and
the characteristics of the channel bottom. Wave activity from boat and tow movements can
also have environmental impacts through erosion in shore areas and banks. Such aspects as
wave wash can affect shore-dwelling animals and cause erosion, impacting wetland vegetation.
Other impacts may come from commercial and industrial traffic carrying hazardous toiilmodities
and the threat of pollution from waste discharge and spills.

Increased levels of navigation may increase the magnitude of the physical effects, such as
turbidity, the erosion of streambanks, and sediment resumption. Simons, et al. (1988) have
determined, however, that resuspended sediments resulting from tow traffic would have little
effect on the expected physical life of backwater areas and side chanmels. Physical inpacts
could be greatest it, areas that have a narrow chanel width, large sinuosity, short distance from
the sailing line to the bank, frequent dredging requirements, and high erosion potential. The
biological implicaion, of these physical effects include loss of habitat: loss of biological
productivity, diversity, and abundance; and disruption of die normal behavior patterns. Specific
impacts on some organisms are unknowti.

Recreational boats can also generate physical changes when they operate near shore and in
side channel and backwater areas. These physical alterations may result in adverse biological
effects primarily caused by increased turbidity and suspended sediment levels, degradation of
water quality, and increased shoreline erosion. The degree and magnitude of these physical
disturbances can be estimated; however, the specific biological impacts are not well understood.

D. DREDGING AND DREDGED MATERIAL PLACEMENT

The U.S. Army Engineer's Waterway Experiment Station at Vicksburg has conducted
numerous studies on the environmental effects of dredging and dredged material placement.
Dredging ana areogea materlai piacement t,,l iidvr btUi ,Ju1,4,ux; ...:C,-. ! .... .... iooil
effects, particularly if the sediments contain toxic substances. The Corps is generally able to
predict these effects and define the management options for minimizing adverse effects.
Dedged material placement often creates the greatest problem for both tectmical and political
decision-making.

Dredging, or tie removal of bottom material, inpacts flow ,velocities and volumes may alter
the local hydraulic conditions which support the aquatic habitat in critical river reaches.
Changes in sediment composition, along with the removal of benthic organisms and the
generation of suspended sediment and turbidity, all have an impact on watcki quality and the
aquatic ecosystem. The degree of impact is related to the natui. of the dredging operation, the
environmental conditions present at tie site, and the nature of tile mateial dredged.

The dredged ma'iterial management program is complex from an envionmnentwl perspective
because its effects may occur both during dredging itself and during placement. Ihe large
number of studies conducted by the Corps has clarified technological, scientific, and ecological
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considerations. While coastal dredged material management is becoming well known, there is
still much to learn about the dredged material management programs for some inland waterways
segments. The Corps will continue to study the environmental, economic, social, and political
implications of the dredged material management program.

IV. RELATED STUDIES

The Institute for Water Resources solicited comprehensive bibliography on environmental
matters, related to navigation, from all Corps districts and divisions. A substantial amount of
information was collected on a diverse number of lopics, pointing out the need for the Corps to
consider the establishment of a Nationwide data base for bibliography. Such a data base,
perhaps annotated and available via ONTYME, would improve information exchange and
facilitate topic or regional specific literatu.,re searches.

The information supplied to IWR focuses on studies conducted within the last 5 years, those
currently underway, and those programmed for the future. This information revealed the varied
and comprehensive nature of the Corps work in natural resource management and research.
Studies for dredged material management, long-term habitat change, revegetation, fisheries, water
quality, wildlife and environmental management are only a few examples of Corps efforts to
promote a consistent stewardship ethic for the conservation of environmental resources. The
lists of sources compiled by IWR will be compiled and furnished to the field for information
purposes.

Studies on Commercial Navigation Traffic Effects

The U.S. Army Engineer Waterways Experiment Station is conducting laboratory and field
studies on commercial navigation traffic effects. The purpose of this work is to determine if
the physical effects of commercial traffic (cyclic periods of turbulence, wave wash, elevated
suspended solids, etc.) can have a detrimental effect on freshwater biota. Parameters that are
measured to indicate stress are at the individual species level (physical and physiological
condition indices), population level (evidence of recent recruitment, density, growth and
mortality), and community level (species diversity and richness).

The following is a brief synopsis of laboratory and field studies:

Field Studies

1. Effects of commercial navigation traffic in a barge turning basin in the upper Mississippi
River near Pririe du Chien, Wisconsin, on density and evidence of recent recruitment of
freshwater mussels (1984 - present).

2. Effects of commercial traffic near a navigation channel on the lower Ohio River on growth
and mortality of freshwater mussels (1983 - present).

3. Effects of cessation of barge traffic on sediment resuspension on the lower Tennessee River
near Paducab, Kentucky (1986).

4. Effects of barge passage on larval fish mortality in the upper Mississippi River near La
Crosse, Wisconsin (1986).
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5. Effects of barge passage on community and population parameters of aquatic insects and
sedimentation rates in a backwater lake in the upper Mississippi River (1985 - present).

6. The UMRS Environmental Management Program, managed by the North Central Division, is
conducting field studies to provide (a improved data for existing predictive models on the
physical effects of shear and turbulence caused by movement of tows and (b) predictive models
for the assessment of tow-induced turbidity and sediment movements. These data collection
efforts and other efforts under the Long-Term Resources Monitoring (LTRM) component will
contribute valuable information for navigation studies and management.

Laboratory Studies

1. Effects of turbulence, elevated suspended solids, and desiccation on selected species of
larval fishes (including an evaluation of delayed mortality).

2. Effects of turbulence, elevated suspended solids, and desiccation on selected species of
freshwater mussels.

3. Development of a software system to provide information on the effects of commercial
navigation traffic.

4. Development of a model that relates effects of commercial traffic on suspended solids to
feeding rates of freshwater bivalves.

5. An analysis of the use of physiological condition factors to evaluate commercial navigation
traffic effects (1986 - present).
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